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Thesis Organisation 
This is a thesis ‘with publications’ and is predominantly composed of papers either published, 
or in press that report the original research undertaken. These papers are compiled as chapters 
for this thesis with no amendments. Each paper has been written as a self-contained account, 
and thus each has its own abstract, introduction, methods, results and discussion. This 
inevitably results in some degree of overlap and repetition between chapters. In addition, based 
on feedback from different peer reviewers, there is some variation in the terms used between 
papers. I ask in advance for the reader’s patience on these matters.  
The chapters in this thesis are organised as following: 
Chapter 1: Introduction 
The introduction includes a review of current literature on assessment and estimation of 
ambient background concentrations of potentially toxic elements in soils and outlines the 
objectives of this research.  
Chapter 2: The Ambient Background Soil Survey 
The methodology for the collection and analysis of soil samples representative of background 
conditions is described. The approach and results of the quality control and quality assurance 
practices are discussed, including statistical methods for identification and removal of 
potentially contaminated samples from the dataset.  
Chapter 3: The Ambient Background Soil Dataset (Publication 1) 
The background soil dataset used in this thesis included soil survey data (Chapter 2) and 
screened open-source soil results from environmental assessment reports. This chapter includes 
development, discussion and validation of a framework for screening open-source soil data. 
Ambient background concentrations of As, Mn, Ni, Pb and Zn concentrations in soils overlying 
basalt of Greater Melbourne are discussed and compared to global mean ambient background 
soil concentrations. 
Chapter 4: Evaluation of Methods for Managing Censored Results (Publication 2) 
Summary statistics are an integral tool for communicating background soil results. Methods 
recommended for managing censored environmental data for the purpose of deriving summary 
statistics are reviewed and the preferred approach is recommended.  
Chapter 5: Soil Explorer- Communication of Results via an Interactive Website 
Ambient background soil data is relevant to many land practices. The objective and methods 
used to develop a publicly accessible and user-friendly interactive soil map and database, are 
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described.  
Chapter 6: Evaluation of Environmental and Anthropogenic Influences on Ambient 
Background Metal and Metalloid Concentrations in Soil (Publication 3) 
Environmental and anthropogenic influences of metal/metalloid variability in soil are identified 
using correlation and factor analysis. Geospatial indicators of metal/metalloid enrichment are 
described. Ambient background soil conditions in Victoria were compared to a national dataset 
and threshold limits for screening background soil results.  
Chapter 7: Geochemical Indices and Regression Tree Models for Estimation of Ambient 
Background Concentrations of Cu, Cr, Ni and Zn in soil (Publication 4) 
Geochemical ratios between Cu, Cr, Ni and Zn are compared to geochemical ratios 
recommended for prediction of background metal concentrations. Alternative regression 
equations or rule-based regression tree models are provided for improved prediction of 
background Cu, Ni and Zn concentrations. A case study is used to show how the proposed 
models for estimation of background Cu can assist in quantification of added Cu contamination 
in soil. Models for estimation of background Ni and Cr are tested on an independent dataset 
representative of soils from a range of parent materials.  
Chapter 8: Environmental and Anthropogenic Influences on Ambient Background 
Concentrations of Fluoride (Publication 5) 
Environmental and anthropogenic influences of fluoride variability in soil were identified using 
correlation analysis and machine learning techniques. A multiple regression model based on 
soil chemistry and parent material is presented for the prediction of ambient background 
fluoride concentrations in soils. 
Chapter 9: Immobilisation of Geogenic Arsenic and Vanadium in Iron Rich Sediments 
and Iron Stone Deposits 
Arsenic enrichment was identified in soils overlying Tertiary sediments. A targeted assessment 
of the solubility and formation of As enriched iron stones in soils overlying the Tertiary 
formation was undertaken. The role of Fe rich soils and Fe stones in immobilisation of 
geogenic As and V is discussed.  
Chapter 10: Discussion and Conclusions  
This chapter concludes the thesis by answering the research questions and summarising the 
main contributions and key findings. In addition, the significance of this research and 
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Abstract 
Estimation of background concentrations of potentially toxic elements1 in soil is 
an essential part of contaminated land assessment for quantification of added 
contamination to soil. Due to the extensive number of sources of contamination to the 
environment and multiple environmental influences on soil variability, it is often 
difficult to distinguish areas of natural enrichment from areas of diffuse or point source 
contamination. In addition, current analytical methods have limited reliability for 
quantification of contamination verses natural enrichment. An understanding of the key 
contributing factors to enrichment of potentially toxic elements, in soil can support 
identification of areas of natural enrichment and therefore support land management 
decision making. 
It is generally accepted that pristine background surface soils (i.e. comprising no 
added anthropogenic contamination and no evidence of anthropogenic impact) no longer 
exist due to the broad extent of low level diffuse anthropogenic contamination at the 
earth’s surface. Therefore, the term ambient background is used to describe soil 
conditions in areas away from point sources of contamination. Ambient background is 
defined as the sum of the geogenic concentration of an element plus diffuse 
anthropogenic contamination that has been introduced to the environment from non-
point sources. Non-point sources of contamination include wide-ranging deposition of 
metals associated with the burning of fossil fuels and broad application of fertilisers 
during typical agricultural practices.  
Whilst low resolution soil surveys have been undertaken to assess the 
distribution of potentially toxic elements across much of the earth’s land surface, few 
peer reviewed studies have assessed geochemical patterns and environmental controls of 
background concentrations of potentially toxic elements at the local scale (0.5-500 km2).  
A survey of ambient background soils was undertaken in Greater Geelong, 
Ballarat, Mitchell and Greater Melbourne, Victoria, Australia. Samples were collected 
from 320 locations at 0.0-0.1 m and 0.3-0.6 m depth intervals, targeting soils overlying 
Quaternary aged basalt, Tertiary aged sediments and Silurian aged siltstones and 
sandstones. In addition, background soil data from open-source environmental 
assessment reports (n=5512) were collated to support assessment of the spatial 
distribution of natural enrichment and concentrations of potentially toxic elements at 
                                                          
1 The term “potentially toxic elements” is used in this thesis to refer to metals/metalloids (As, Cd, 
Cr, Cu, Pb, Hg, Mn, Ni, V and Zn) and F. 
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depths greater than 0.6 m.  
A summary of expected ambient background concentrations of As, Cd, Cr, Cu, 
Co, F, Pb, Hg, Mn, Ni, V and Zn in key development areas of Victoria, is provided. 
Ambient background concentrations of As, F and Ni were naturally enriched at 
concentrations in exceedance of Victorian waste management guidelines for Clean Fill 
and greater than national median concentrations of these elements.  
Factor analysis and spatial mapping, was used to identify potential 
environmental and anthropogenic controls of enrichment of potentially toxic elements in 
soils. Weathering during palaeoclimates (associated with laterization of soils) was 
identified as the key driver of enrichment of ambient background concentrations of 
potentially toxic elements in the assessed soils. The extent of soil weathering influenced 
geochemical ratios between metals and Fe; immobile elements such as Cr were enriched 
in highly weathered environments compared to Fe, whereas Ni and Cu were relatively 
depleted compared to Fe in highly weathered soils.  
Multivariate regression equations and rule based regression tree models were 
developed for prediction of ambient background Cr, Cu, F, Ni and Zn concentrations in 
soil. Regression tree models were used to account for metal variability between different 
weathering units and allowed prediction of Ni concentrations in soils of Australia, 
beyond the bounds of the assessed soils. Whereas, a parent material specific model was 
most accurate for estimation of ambient background F and Cu, indicating that the 
variability in mineralogy between soils weathered from different parent materials was 
not captured by a single regression tree model. Models for estimation of ambient 
background Zn were poor in surface soils, which was suggested to be due to the presence 
of variable levels of diffuse Zn contamination and/or variability due to biological cycling 
of nutrients, including Zn. 
Arsenic enrichment was identified in localised areas overlying Tertiary 
sediments and Silurian siltstones and sandstones. Enrichment of As and V in Fe rich 
Tertiary sediments of Melbourne, was assessed using chemical extraction methods, 
micro focused X-Ray fluorescence and X-ray Absorption Near Edge Spectroscopy. 
Arsenic was enriched in Fe stones at up to 60 times As concentrations in surrounding 
soils, and 1000 times average As concentrations in world soils. In both soil and Fe 
stones, As was distributed with goethite as arsenate. Iron bound As was concluded to be 
relatively immobile under the current oxic conditions.  
Micro focused X-Ray fluorescence revealed the presence of V on the outer edge 
of the assessed Fe stone. The enrichment of V on the outer edge of the Fe stone, was 
 ii 
 
inferred to reflect differences in As and V solubility, with immobilisation of As with Fe 
indicated to have occurred prior to V. This research highlighted the key role of Fe in 
metal enrichment and immobilisation of As and V in soils.  
This research provides an understanding of the distribution of ambient 
background concentrations of potentially toxic elements in Victorian soils. This research 
has highlighted the natural enrichment of As, F, Ni and Cu in some Victorian soils, 
identified environmental processes underlying enrichment of these elements and 
provided methods for predicting soils likely to be enriched in As, F, Ni and Cu. 
Consistent with international studies, Zn and Pb enrichment was reported in surface 
soils. However, the cause of Zn and Pb surface enrichment (whether it is due to natural 
cycling or diffuse contamination) remains uncertain.  
The findings of this research have been published in six peer reviewed papers, and 
on an interactive website. The results of this research can be used to support improved soil 
management decisions during environmental assessment including soil categorisation (for 
the purpose of waste management) and risk assessment. 
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1.1 Introduction 
Distinction of contamination versus natural enrichment of potentially toxic elements in 
soil is required for the assessment of environmental risk and management of land. 
Metals/metalloids of geogenic (or natural) origin are typically less bioavailable than 
metals/metalloids of similar concentration associated with contamination, and therefore require 
different management practices (Palumbo-Roe et al. 2005).  
During environmental assessment of land, it is necessary to distinguish background 
concentrations of potentially toxic elements from contamination for the purpose of: 
1. Identifying if soils have been contaminated by an activity, industry or event  
2. Quantification of added contamination from a point source of pollution (e.g. an 
aluminium smelter) 
3. Assessment of risk to the environment and the associated need for remediation or 
management of soils  
Cheap and accessible analytical methods for quantifying the anthropogenic 
contribution of metals/elements to soil are currently not available. Therefore, total element 
concentrations are typically compared against thresholds or screening criteria, to assess if soils 
are likely to be impacted by added contamination. In Europe, there has been a shift from using 
national thresholds for screening concentrations of potentially toxic elements in soil, towards 
regional or soil specific screening criteria, which can more accurately distinguish added 
contamination from natural enrichment (Ander et al. 2013; Jarva et al. 2010; Tarvainen & Jarva 
2011). 
In Australia, the majority of research on the spatial variability of ambient background 
concentrations of potentially toxic elements has been undertaken at a continental scale (0.5 
million–50 million km2) , at resolutions not applicable to local environmental assessment. 
Therefore, further assessment of the distribution of ambient background concentrations of 
potentially toxic elements is required at the local and regional scale to support development of 
regional screening criteria. 
Potentially toxic elements released by weathering of parent rock and pedogenesis are 
redistributed in the soil by many processes including water movement, geochemical reactions 
and biological activities (Wood, 1987, Richardson, 2017). Natural environmental processes, 
including adsorption to organic matter (OM) (Balabane & van Oort 2002) and sequestration 
with Fe oxides (Singh & Gilkes 1992), can result in enrichment of soils with potentially toxic 
elements. Anthropogenic activities including mining, smelting and burning of fossil fuels, have 
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further added potentially toxic elements to soils via atmospheric deposition (Kelepertzis, 
Galanos & Mitsis 2013; Takala, Salminen & Olkkonen 1998). In addition, some anthropogenic 
activities, including use of fertilisers, have influenced soil chemistry, resulting in changes in 
soil acidity and potential mobilisation of contaminants in the environment (Blake et al. 1999; 
Falkengren-Grerup & Eriksson 1990). Due to the many micro- and macro-scale influences on 
soil formation, ambient background concentrations of individual elements in soil can vary by 
an order of magnitude, even at a local scale (0.5-500 km2). An understanding of how 
environmental and anthropogenic processes influence concentrations of potentially toxic 
elements in soil is required to support derivation of regional contaminant screening criteria and 
distinction of areas of natural enrichment from areas of contamination. 
1.2 Defining background 
Many terms and definitions are used to discuss background soil concentrations in the 
literature including “ambient background”, “baseline” and “geochemical background” 
(Reimann, Filzmoser & Garrett 2005). Due to the extent of low level diffuse contamination 
from human activities, such as from the burning of fossil fuels and mining (Cloy et al. 2008; 
Rosman et al. 1993), it is generally recognised that, even in remote areas, surface soils are not 
free of anthropogenic influence (i.e. representative of natural background). Therefore, the term 
“ambient background” is used to account for the presence of broad low-level diffuse 
anthropogenic contamination across the globe. Ambient background concentrations include the 
geogenic concentration (referred to as “natural background concentration”) of elements and 
low level diffuse contamination from non-point, anthropogenic, sources (Ottesen et al. 2008; 
Panno et al. 2006; Saaltink et al. 2014). As such, “ambient background” includes inputs from 
the broad use of fertilisers from agricultural practices but excludes soils adjacent to roads, 
buildings and emission point sources, such as smelters (Darnley 1995). Application of 
pesticides and insecticides during horticultural practices and/or the application of biosolid 
amendments are also not considered representative of ambient background concentrations. 
The term “baseline” is often used to describe “expected” or “typical” concentrations of 
potentially toxic elements, in highly disturbed environments such as cities and residential 
gardens (Karim, Qureshi & Mumtaz 2015; Wang et al. 2011). Baseline soil surveys often 
include soils associated with point source contamination, for example soils in close proximity 
to houses or soils adjacent to (i.e. within 25 m) roads. The term “baseline” is also used to 
describe the broad presence of artificial contaminants, for example contaminants that have very 
low or zero geogenic concentrations, such as plastics and perfluorinated alkyl substances (Lam 
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et al. 2017).  
The term “geochemical background” is often adopted to describe the expected 
background conditions. Geochemical background has been defined as the 95th percentile of the 
expected range of background concentrations (Chen, Ma & Harris 1999) and has been used to 
distinguish anomalously high results, which may be representative of mineral enrichment from 
typical background concentrations. However, the term “geochemical background” is 
inconsistently used across different studies and has also been used to represent “baseline” 
(Chen, Ma & Harris 1999) or “ambient background” (Reimann & de Caritat 2017). Given the 
variability, in the use of the terms “baseline” and “geochemical background”, the term 
“ambient background” has been adopted for the purpose of this thesis.  
1.3 Risk to the environment from naturally enriched soils 
In some soils, environmental processes have resulted in natural enrichment of 
potentially toxic elements at concentrations that are harmful to human health (Ljung et al. 
2010) or plant growth (particularly to non indigenous plants that have not evolved to tolerate 
such conditions) (Brady, Kruckeberg & Bradshaw 2005). Human health impacts from naturally 
enriched soils or bedrock are commonly associated with mobilisation of potentially toxic 
elements to drinking water. The weathering of F enriched soil and rock has led to elevated F in 
groundwater (>1.5 mg/kg) and associated endemic fluorosis in many regions of the world, 
including India (Jha 2012), Iran (Battaleb-Looie et al. 2012), Africa (Reimann et al. 2003) and 
the western United States of America (Fawell 2006). Similarly, release of geogenic As from 
soils to groundwater, due to weathering of naturally enriched rock or acidification of soil, has 
caused impact to human health, biota and agriculture in many countries (Basu et al. 2014; 
Khorasanipour & Esmaeilzadeh 2015; Martin & Dowling 2013; Nickson et al. 1998; Phan et al. 
2010).  
Rising sea level (LeMonte et al. 2017), rising groundwater level and soil acidification, 
which can be associated with climate change, are examples of changes that can result in 
mobilisation of potentially toxic elements from soils (Blake et al. 1999). In addition, aeolian 
transfer of soils, can result in the transportation of enriched soil particles to other regions and 
potentially into surface water bodies (Djebbi et al. 2017). Therefore, identification of areas of 
natural enrichment of soils and rock can assist in recognising areas that may pose a risk to the 
environment or human health, particularly if environmental conditions change resulting in 
increased mobilisation of potentially toxic elements.  
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1.4 Geochemical controls on enrichment of potentially toxic elements 
in soil 
Potentially toxic elements are likely to be enriched in environments where they can 
form stable chemical bonds and/or minerals. Goldschmidt (1954) categorised elements in the 
earth’s crust into four groups based on their volatility (atmophile) or their propensity to bind 
with oxygen (lithophile), sulphur (chalcophile) or iron (siderophile). These categories have 
been used broadly to assist in understanding where elements are expected to be enriched within 
the earth crust or mantle, and also to predict where elements may be enriched within extra-
terrestrial environments (Hofmann 1988; Wade & Wood 2001). Recent studies continue to test 
the suitability of these geochemical classifications, particularly for rare earth elements such as 
Nb, for assisting in understanding where trace elements are likely to be enriched (Wade & 
Wood 2001). 
Goldschmidt (1954) classification system can assist in prediction of environments 
within the terrestrial landscape where key elements are likely to be concentrated. The 
geochemical classification and inferred environments where key metals/elements of potential 
environmental concern may be enriched are summarised in Table 1-1. 
Table 1-1 Description of geochemical classification and inferred key environments 
suitable for enrichment for potentially toxic elements (adapted from Goldschmidt, 1937) 
Geochemical Group 
 
 Key 
metals/elements1 
Inferred key environments suitable for 
enrichment 
Siderophile: elements 
primarily associated with Fe 
and Ni in the core of the earth.  
 Cr, Mn, Fe, Co, 
Ni, V 
Basalt, igneous intrusions and highly 
weathered environments where Fe oxides 
have become subsequently enriched 
Chalcophile elements 
generally associated with 
sulphide minerals. 
 Cu, Zn, As, Cd, 
Sn, Sb, Hg, Pb 
Anaerobic environments where sulphides are 
present, e.g. swamps, sedimentary rocks, the 
sea floor. 
Hydrothermal metal sulphide deposits, either 
co-precipitated with metal ores (including 
gold and antimony), or as separate mineral 
ores 
Lithophile elements have an 
affinity for silicate minerals 
and are concentrated in the 
earth crust and mantle. 
 V, Mg, Al, F, 
Mn, Cr and Fe 
Soils weathered from siliceous igneous rocks 
(e.g. granites),  
 
An appreciation of expected geochemical behaviour of potentially toxic elements in the 
environment can support identification of environments of enrichment and environmental 
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conditions under which elements may be mobilised. The geochemical behaviour of potentially 
toxic elements are summarised in Table 1-2 below.  
Table 1-2 Summary of potentially toxic element chemistry in soils and key areas of 
geoegenic enrichment 
Element  Chemistry in Soil Key Geogenic 
Areas/Materials of 
Enrichment 
References 
As • Predominantly present 
as arsenite (AsO33−) in 
reducing environments or 
arsenate (AsO43-) in oxidising 
environments.  
• In oxic environments 
As5+ forms relatively insoluble 
precipitates with Fe 
oxy/hydroxides and has low 
mobility. As3+ sorbs more 
weakly than As5+ to metal 
oxides and only at higher pH.  
• In anoxic, reducing 
conditions, As is commonly 
bound to sulphides. 
Manganese may play an 
important role in binding As in 
reduced environments 
• A change in soil redox 
from oxic to anoxic, may 
cause reduction of As5+ to 
As3+ releasing soluble As into 
soil solution.  
• Minerals including 
As sulphides, 
(arsenopyrite (FeAsS), 
orpiment (As2S3), and 
AsS 
• Hydrothermal 
metal sulphide deposits, 
either co-precipitated 
with metal ores 
(including gold and 
antimony), or as separate 
mineral ores. 
• Ferruginous 
soils/rocks  
• Shales of marine 
origin where As has 
bound to sulphur and/or 
pyrite  
• Coal and sediments 
rich in OM  
(Alloway et al. 2012; 
Masscheleyn, Delaune 
& Patrick 1991; 
Smedley & Kinniburgh 
2002) 
Cd • In oxic environments Cd 
is typically present as Cd2+ and 
is bound to Fe and Mn oxides, 
clay, OM and sulphur. 
• In anoxic environments 
Cd is most commonly present 
as CdS  
• Cd mobility increases as 
pH decreases. 
• Mobility is affected by 
ionic strength; inorganic 
anions (such as Cl-) and 
competition from other metals 
and Ca. 
• Bioavailability is 
increased with salinity due to 
the formation of CdCl 
complexes. 
• Minerals 
containing Cd include 
greenokite (CdS) and 
Otavite (CdCO3) 
• Zn, Pb, and Cu-
bearing ores 
• Coal and other 
fossil fuels, black 
shales, and volcanic 
ashes, bird droppings  
(Acosta et al. 2011; 
Berkowitz, Dror & 
Yaron 2008; Lalor 
2008) 
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Element  Chemistry in Soil Key Geogenic 
Areas/Materials of 
Enrichment 
References 
Cr • Cr is typically present in 
soil as Cr2+ and Cr3+, sorbed by 
metal oxides, clays, insoluble 
carbonates and sulphide 
precipitates 
• Cr generally has low 
mobility.  
• In anoxic conditions 
dissolved forms such as 
Cr(OH)3) are present.  
• Cr3+ within chromite 
(typically considered 
immobile) can be oxidised to 
Cr6+ and mobilised when in 
association with the common 
Mn mineral birnessite  
• Cr6+ has a high oxidising 
capacity (and increased 
toxicity to humans)  
• Ultramafic rocks. 
• Serpentines (low-
temperature 
metamorphic low-silica 
mafic and ultramafic 
rocks) 
• Ferruginous soils 
(Alloway et al. 2012; 
Garnier et al. 2008; 
Hem 1989; Rajapaksha 
et al. 2012) 
Cu • Cu mobility in soil 
increases as soil pH decreases  
• In oxic environments Cu 
is commonly bound to OM 
and Fe or Mn oxides.  
• In anoxic environments, 
Cu is present as Cu2S, CuS, 
FeCuS.  
• Most commonly present 
as sulphides including 
chalcopyrite (CuFeS2), 
bornite, (Cu5FeS4), covelite 
(CuS), chalcocite (Cu2S)), 
carbonates (azurite 
(Cu3(CO3)2(OH)2), malachite 
(Cu2CO3(OH)2)) and the 
oxide cuprite (Cu2O).  
• Soils weathered 
from igneous rocks 
•  Soils with high 
OM  
(Alloway et al. 2012; 
Reddy, Wang & Gloss 
1995) 
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Element  Chemistry in Soil Key Geogenic 
Areas/Materials of 
Enrichment 
References 
F • F is present in soil as ion 
F-  
• F has a similar ionic 
radius (136 pm) to the OH- ion 
(ionic radius 140 pm), 
allowing F- to be highly 
reactive with inorganic and 
OM 
• In acidic conditions 
(pH<6.0), F is commonly 
present as Al and Fe 
complexes. 
• In alkaline conditions 
(pH >6.5), F is bound as 
calcium fluoride, provided 
sufficient calcium carbonate is 
available. 
• The mobility of F is 
influenced by pH and 
complexation with Al and Ca. 
Mobility is at a minimum in 
soil at a pH between 6 to 6.5 
pH units. Mobility increases in 
alkaline conditions, due to 
desorption by more 
competitive negatively 
charged elements and 
increases in more acidic 
conditions, due to formation of 
cationic AlF  
• Rhyolite-rich 
rocks, black shales or 
coals. 
• Rocks, bearing 
minerals such as Ca-Mg 
carbonate act as good 
sinks for F  
• Rock minerals such 
as fluorite, apatite and 
amphiboles (hornblende 
and micas)  
• Soils impacted by 
volcanic (fumarolic) 
gasses and deposition.  
(Alloway et al. 2012; 
Dissanayake & 
Chandrajith 2009; Hem 
1989; Wenzel & Blum 
1992) 
Hg • Hg can be present in soil as 
methylated Hg (me-Hg) and 
inorganic Hg2+. 
• Inorganic Hg can be converted 
to me-Hg via soil micro-
organisms and subsequently 
ingested and bio-accumulated 
in soil and aquatic species  
• In oxic conditions Hg is 
typically bound to OM  
• In anoxic conditions HgS may 
also be present.  
• Surface soil Hg is influenced 
by atmospheric deposition and 
microbial methylation of Hg  
• Hydrothermal 
deposition of sulphide 
or chloride complexes  
• Cinnabar  
• Soils containing high 
OM including coal and 
black shale  
• Volcanic emissions and 
associated areas of 
deposition 
(Gavilán-García et al. 
2008; Hirner & Hippler 
2011; Wang et al. 2013) 
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Element  Chemistry in Soil Key Geogenic 
Areas/Materials of 
Enrichment 
References 
Mn • Present as Mn2+, Mn3+ and 
Mn4+.  
• Mobility of Mn is influenced 
by redox conditions and 
biological activity  
• Mn2+ is the most soluble 
oxidation state. 
• Mn4+ is generally bound as Mn 
oxides, and is essentially 
insoluble  
• Little research has been 
undertaken on the mobility of 
Mn3+ in soil.  
• Mn mobility generally 
increases as soil pH decreases 
due to desorbtion from Mn 
and Fe oxides  
• Mn2+ (67 pm) has a 
similar ionic radius as 
Fe2+ and Mg2+ (61 and 
72 pm respectively), 
allowing Mn to readily 
substitute for Fe2+ and 
Mg2+ in minerals  
• Accessory element in 
garnet, olivine, 
pyroxene, amphibole 
and calcite.  
• Mafic and ultramafic 
rocks relative to felsic 
lithologies. 
(Cornu et al. 2009; 
Telfeyan et al. 2017; 
Vodyanitskii 2009) 
 
Ni • Ni is present in the 
environment as Ni2+.  
• In soil, Ni sorbs strongly to 
humus, metal oxides, clays 
and sulphides  
• In oxic environments Ni is 
generally bound to Fe/Mn 
oxides.  
• In anoxic environments Ni 
maybe mobile or bound to 
OM, sulphides or organic 
thiols  
• Ni mobility increases with 
decreasing a soil pH. 
• Key constituent of the 
Fe-Ni molten core of the 
earth.  
• Typically enriched in 
ultramafic rocks such as 
peridotite, dunite and 
pyroxenite and mafic 
rocks such as gabbro 
and basalt.  
• Enriched in serpentine 
soils. 
• Igneous rock rich in 
ferromagnesian and 
sulphide minerals (e.g., 
pyroxene, olivine, 
biotite and chlorite), 
where Ni has substituted 
for Fe and or Mg. 
• Laterites (co-
precipitates with Fe and 
Mn oxides) 
(Massoura et al. 2006; 
McGrath & Loveland 
1992; Quantin et al. 
2002) 
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Element  Chemistry in Soil Key Geogenic 
Areas/Materials of 
Enrichment 
References 
Pb • Pb is present in soils most 
commonly as Pb2+, 
occasionally as Pb5+. 
• Commonly, Pb is in carbonate 
and hydroxide complexes  
• Pb sorbs strongly to humus 
when pH >4. 
• Pb sorbs strongly to metal 
oxides, phosporous and clays. 
• Pb forms insoluble metal 
oxides and sulphides. 
• Pb forms soluble complexes at 
high pH. 
• Lead ore, Including 
galena (PbS), cerussite 
(PbCO3) and anglesite 
(PbSO4).  
• Soils with high OM, 
particularly black 
shales, peat bogs and 
coal deposits  
(Alloway et al. 2012; 
Berkowitz, Dror & 
Yaron 2008)) 
V • V generally occurs in two 
redox forms, V4+ and V5+ 
which have contrasting 
geochemical properties.  
• In oxic conditions, V5+ is the 
most stable redox form.  
• V5+ is commonly present as 
vanadate anions (HVO42− or 
H2VO4−) or strongly bound by 
Fe oxides/hydroxides  
• V5+ may be reduced to V4+ by 
humic substances. 
• V4+ commonly occurs as the 
vanadyl oxo-cation VO2+, 
which is strongly bound by 
different organic ligands, 
including humic substances  
• The solubility of V5+ increases 
with increasing clay, organic 
matter and poorly crystalline 
Fe and Al oxyhydroxide 
concentrations in soil, but does 
not appear related to soil pH 
(in the range between 4 and 7 
pH units).  
• V5+ has a strong and somewhat 
consistent affinity for goethite, 
as assessed between 4 and 7 
pH units. 
• Environments with high 
sulphides 
• Basic magmas and 
associated basalt/rock. 
(Huang et al. 2015; Lu, 
Johnson & Hook 1998; 
Peacock & Sherman 
2004) 
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Element  Chemistry in Soil Key Geogenic 
Areas/Materials of 
Enrichment 
References 
Zn • Zn is present as Zn2+ in soil.  
• In oxic environments Zn is 
typically bound with Fe and 
Mn oxides. 
• In anoxic environments Zn is 
commonly bound to OM and 
S.  
• Zn mobility in soils decreases 
within increasing soil pH.  
• In reducing conditions Zn may 
be Zn immobilised due to the 
formation of sulphides and 
carbonate precipitates, and/or 
mobilised due to dissolution of 
Fe oxides)  
• Ore deposits in the form 
of Zn-sulphides and to a 
lesser extent as Zn 
carbonates and Zn 
silicates 
• Igneous rocks and soils 
derived from weathered 
basalts, due to the 
isomorphous 
substitution of Zn for 
Fe2+ and Mg2+ in 
ferromagnesian minerals 
(e.g. augite, hornblende 
and biotite) 
(Chowdhury, McLaren 
& Swift 1997; Han & 
Singer 2007) 
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1.5 Spatial distribution of potentially toxic elements in soil 
The spatial distribution of ambient background concentrations of potentially toxic 
elements in soil is influenced by many factors, broadly categorised as parent material, climate, 
biological activity (including humans), topography and time (Jenny 1941). These physical, 
chemical and biological processes impact on soils over a range of spatial and temporal scales.  
At a continental (0.5 million–50 million km2) and regional scale (500–500,000 km2) 
parent material and climate related processes are key influences on the spatial distribution of 
potentially toxic elements in soil (Bini et al. 2011; de Caritat & Grunsky 2013; Martin et al. 
2017; Morrison et al. 2009; Ohta et al. 2004; Zhang et al. 2014). The spatial distribution of 
potentially toxic elements across Europe are influenced by the extent of the last glaciation, with 
lower concentrations of Cd, As and Sb in the younger soils of northern Europe compared to the 
more weathered soils of southern Europe (Birke & Rauch 2000; Ottesen et al. 2013; Reimann 
et al. 2009). Parent material is the key influence of spatial variability of ambient background 
concentrations of metals/metalloids in soils across North America, with relatively low 
concentrations of As, Pb and Zn associated with areas underlain by quartz-rich sediments and 
relative enrichment of Pb in areas of known ore deposits (Smith, Cannon & Woodruff 2011). In 
Australia, controls of the spatial variability ambient background concentrations of potentially 
toxic elements is influenced by the weathering of dominantly felsic rocks, the weathering of 
dominantly mafic/ultramafic rocks, the formation/preservation of regolith carbonates and 
evaporates and the accumulation of resistant/heavy minerals due to intense weathering 
(accumulation of Si and Zr) (de Caritat & Grunsky 2013).  
At a local scale (0.5 km2–500 km2) or detailed site assessment scale (< 0.5 km2) 
climate, biological activity, water flow and topographical processes influence spatial variability 
of potentially toxic elements in soil (Nath, Birch & Chaudhuri 2013; Park & Burt 2002), in 
addition to parent material. These processes also influence the vertical distribution of 
potentially toxic elements within the soil profile. For example, precipitation and topography 
result in movement of elements to low lying areas in the landscape and/or deeper soil horizons 
(Chen et al. 2012), whereas biological cycling including the uptake of metals from roots to 
leaves can result in enrichment of elements from the sub-surface to the soil O horizon 
(Reimann et al. 2015). As such, concentrations of potentially toxic elements in soil can be 
simultaneously influenced by processes of enrichment and depletion, with the resulting 
concentrations within each soil horizon, reflecting the net balance between these processes.  
The time scale of soil development is often millions of years and thus, the current 
environment, including current vegetation and climate, may not be indicative of the conditions 
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that have played a key role in the current soil variability. Therefore, palaeoclimates and palaeo-
landscapes/vegetation may also have been a control of variability of ambient background 
concentrations of potentially toxic elements in soil (Muller et al. 2008; Muller et al. 2006). 
Assessment of ambient background concentrations of potentially toxic elements at a 
local scale have generally focused on the assessment of influence from a specific source to the 
environment, such as a smelter (Haidouti, Chronopoulou & Chronopoulos 1993), a volcano 
(D'Alessandro, Bellomo & Parello 2008), or an agricultural practice (Loganathan et al. 2007). 
Few studies have reviewed the influence of a broad range of environmental controls including 
palaeoclimates on ambient background concentrations of multiple elements, rather than on one 
specific element from one specific source or activity (Lech & de Caritat 2007).  
1.5.1  Anthropogenic influences on ambient background soils 
Human activities have directly added potentially toxic elements to the soil surface, but 
have also influenced soil chemistry and the subsequent mobility of elements in soil (Blake et al. 
1999; Falkengren-Grerup & Eriksson 1990). Many anthropogenic activities, including burning 
of fossil fuels and associated acid rain, application of nitrogen fertilisers, and dewatering of 
acid sulphate soils have resulted in decreased soil pH and subsequent mobilisation of metals 
from soils to the environment at a local and, to some extent, national scale (Tyler & Olsson 
2001). A regional scale study in Great Britain showed surface soil mobility of Al and Pb was 
positively correlated with N deposition rates (Stevens, Dise & Gowing 2009). In addition, 
increased Fe, Al and Mn mobility in soil was correlated with regional scale atmospheric 
deposition of S and/or N (Stevens, Dise & Gowing 2009). As such, acid rain and use of N 
fertilisers have resulted in depletion of metal concentrations in surface soils (particularly Al, 
Mn, Zn and Fe) on a national scale (Hutchinson, Hutchinson & Havas 1980). Changes in soil 
pH due to human activities has been observed over time (Hutchinson, Hutchinson & Havas 
1980). However, the impact of anthropogenic acidification on concentrations of potentially 
toxic elements in soil (in particular, the concentration of essential trace metals in surface soils), 
has not been quantified.  
1.5.2 Quantification of diffuse anthropogenic contamination 
The magnitude of diffuse anthropogenic inputs of potentially toxic elements to soil at a 
regional and continental scale continues to be debated (Bindler 2011; Reimann et al. 2012; 
Richardson et al. 2015; Steinnes et al. 2005; Walraven et al. 2013). The accuracy of methods 
commonly used for quantification of diffuse contamination, including the use of soil 
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enrichment factors and isotopes, have been questioned (Reimann & de Caritat 2005; Reimann 
et al. 2008). Enrichment factors (the difference between element concentrations in the soil 
surface and element concentrations in the parent material) are extensively used in soil 
assessment to estimate the magnitude of anthropogenic inputs to surface soils (Blaser et al. 
2000; Chester & Stoner 1974; dos Santos et al. 2017; Herndon, Jin & Brantley 2011; Zoller, 
Gladney & Duce 1974). Bourennane et al. (2010) showed that when calculated with 
appropriate reference material and combined with the use of variography analysis and spatial 
mapping, the determination of enrichment factors can efficiently detect trace metal enrichments 
in the cultivated topsoils of France. In addition, Liu et al. (2013) used a combination of 
enrichment factors and cumulative frequency plots to successfully distinguish Cd enrichment in 
natural rock compared to contamination in arable soils. 
However, the use of enrichment factors to indicate contamination has been criticised by 
Reimann and de Caritat (2000) and Reimann and de Caritat (2005) who argued that differences 
in surface soils (typically O horizon soils) to C horizon soils can often be attributed to natural 
environmental processes including the strong binding capacity of metals to organic matter and 
biological cycling of metals by plants, rather than deposition of diffuse atmospheric 
contamination. In addition, due to soil formation processes, including dust deposition, alluvial 
transfer, and sedimentation, surface soils may not be derived from the same parent material as 
the underlying bedrock. Therefore, ambient background concentrations in surface soils may be 
independent of sub-surface soils in some environments and should not be used as evidence of 
human impact without support from other lines of evidence, such as an understanding of the 
site history.  
Alternatively, ratios of stable isotopes of elements are used to distinguish the origin of 
potentially toxic elements in the environment, and subsequently quantify added contamination 
to surface soils (Bindler 2011; Bing et al. 2014; Lottermoser 2009; Steinnes et al. 2005). 
Isotopic ratios have predominately been used for the assessment of Pb contamination compared 
to other elements of environmental concern (Carignan & Gariépy 1995; Planchon et al. 2003; 
Rosman et al. 1993). The use of isotope ratios for Pb (specifically 206Pb/207Pb) is commonly 
used in environmental studies for evidence of anthropogenic contamination to surface soils. 
Many studies have suggested that an isotope ratio of 206Pb/207Pb of less than 1.15 or 1.18 is 
characteristic of Pb contamination associated with the use of leaded petrol (Bing et al. 2014; 
Walraven et al. 2013). Steinnes et al. (2005) reported that, up to 90% of Pb in humous rich 
surface soils (O horizon) of forests in Norway forest may be attributed to diffuse atmospheric 
fallout of contamination, based on low Pb isotopes ratios. Klaminder et al. (2005) estimated 
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that more than 70% of the Pb in forest plants in northern Scandinavia originated from diffuse 
Pb pollution. 
The reliability of isotope ratios of Pb for evidence of anthropogenic contamination has 
been challenged (Reimann et al. 2008; Reimann et al. 2012; Reimann et al. 2011). Reimann et 
al. (2008) has argued that natural processes, including biological cycling (i.e. the translocation 
of metals from sub-surface soils to surface soils by root uptake and leaf fall), is likely the cause 
of the observed decreased isotopic ratios of Pb (specifically 206Pb/207Pb) in surface soils 
compared to sub-surface soils, rather than diffuse contamination. A soil survey across Norway, 
identified a general decrease in the ratio of 206Pb/207Pb in plant material and O horizon soils 
compared to mineral soils (Reimann et al. 2008). The decrease in Pb isotope ratios along the 
soil transect (across Norway) corresponded well with changes in underlying soil parent 
material and soil pH. Reimann et al. (2008) suggested that the difference in parent material and 
pH influenced the rate of vegetation growth and the difference in lead isotopes was associated 
with the corresponding biological cycling. This empirical evidence was used to hypothesise 
that repetitive cycling of Pb from soils to plants and back to the soil results in a decrease in the 
ratio of 206Pb/207Pb Pb over time  
Bindler (2011) has refuted the role of biological cycling in surface soil enrichment of 
Pb in a study that showed high consistency between trends from stable Pb isotope studies 
across multiple countries and media including media that are not influenced by biological 
cycling e.g. ice. Bindler (2011) highlighted that peaks in Pb concentrations in multiple media 
(ice, peat and soil) coincided with peaks in global Pb use (i.e. from mining and burning of 
fossil fuels), indicating diffuse pollution as the key driver of Pb variability in the environment. 
Therefore, the driver of commonly observed lower Pb isotope ratios in surface soils, whether it 
be from biological cycling or contamination, is yet to be confirmed. If biological cycling is 
responsible for lowered ratios of 206Pb/207Pb in surface soils, the magnitude of diffuse 
anthropogenic Pb contamination attributed to the burning of fossil fuels (Steinnes et al. 2005) 
may have historically been overstated. 
Recently, Fabian, Reimann and de Caritat (2017) proposed that interpretation of the 
statistical distribution of metal concentrations for large soil datasets may support quantification 
of diffuse contamination at a continental scale. Fabian, Reimann and de Caritat (2017), 
estimated that diffuse Pb contamination to Australian soils was less than 0.5 mg/kg based on 
the statistical distribution of Pb concentrations in catchment and floodplain sediments of 
Australia. However, this estimate is well below estimated diffuse lead contamination 
concentrations measured in peat lake sediments (5 mg/kg added lead) of remote areas of 
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Australia (Marx, Rashid & Stromsoe 2016). The statistical method used by Fabian, Reimann 
and de Caritat (2017) for quantification of diffuse contamination to soil assumed that; (i) 
diffuse contamination is present at a relatively consistent concentration across the continent 
resulting in a point of inflection in the distribution of data when plotted on a cumulative 
frequency plot (typically at the lower tail end of the data distribution); (ii) natural background 
concentrations of elements in surface soils should have similar cumulative frequency 
distribution as subsurface soils in the same area; and/or (iii) metals that have similar 
geochemical behaviour in soil should have similar cumulative frequency distribution when no 
added contamination is present. However, the validity of these assumptions is yet to be tested. 
Diffuse contamination, even at a continental scale, is unlikely to be uniform due to spatial 
variation in precipitation, vegetation, erosion and soil re-generation, and the distance from the 
original point source (Alriksson 2001; Colin, Mark & Alexander 2008; Georgii & Georgii 
1986). Therefore, assessment of the variability of diffuse anthropogenic impacts to soil is 
required, to validate Fabian, Reimann and de Caritat (2017) proposed statistical method of 
quantification of diffuse contamination to soils.  
An improved understanding of the influence of environmental factors, including 
biological cycling and precipitation, on enrichment of potentially toxic elements in soil is 
required to quantify the role of natural versus anthropogenic enrichment in surface soils 
compared to sub-surface soils. In addition, further research is required to quantify diffuse 
contamination of elements of potential environmental concern, other than Pb, such as Zn, Cd 
and F, which are commonly added to land through fertiliser application (Jha 2012; McGrath & 
Tunney 2010), but have gained little attention by assessors of diffuse contamination to soil). 
Methods for differentiating between natural concentrations and broad-scale diffuse pollution, 
including use of isotope ratios, need further development to provide increased certainty in 
contaminant quantification and origin.  
1.6 Estimation of ambient background concentrations of potentially 
toxic elements in soil 
1.6.1 Geochemical surveys and maps 
Estimation of ambient background concentrations of potentially toxic elements in soils 
has commonly been based on geochemical survey data and derived statistical means, medians 
or upper limits for specific spatial or geological regions (Reimann & de Caritat 2017; Reimann 
et al. 2018). Soil surveys have been undertaken for varying purposes, including mineral 
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exploration, assessment of soil health and farming capability and assessment of soil 
contamination (Appleton, Rawlins & Thornton 2008; Tarvainen & Jarva 2011; Yao et al. 
2014). Table 1-3 includes the aim, scope and selected findings of some of the key geochemical 
surveys that are currently being used to support assessment of background concentrations of 
potentially toxic elements in soil across the globe. 
Table 1-3 Summary of selected continental and regional scale geochemical soil surveys 
Region Survey Summary including key highlights 
North 
America 
North American 
Geochemical 
Landscape 
Project 
(NAGLP) 
The program included two sampling phases: Phase 1 a pilot trial 
comprising two transects across North America; and Phase 2 
comprising further sample collection and analysis on a grid basis at a 
scale of approximately 1 sample per 1600 km2 (Smith et al. 2012). 
Soil methods were undertaken in general accordance with (Darnley 
1995). The sampling included: analysis of surface soil samples (0-
0.05), and samples from the A and C horizons. Samples were assessed 
for metals, nutrients, mineralogy, with limited assessment of 
pathogens, microbial activity, leachability and bioaccessability. 
Results included assessment of patterns in heavy metal concentrations 
(Goldhaber et al. 2009; Morrison et al. 2009) and analysis of metal 
bioaccessability (Morman, Plumlee & Smith 2009).  
Spatial and statistical distribution of metals in soils across the US are 
published online doi:10.3133/ofr20141082. 
Europe Forum of 
European 
Geological 
Surveys 
(FOREGS)  
The Geochemical Baseline Mapping Programme was undertaken in 
collaboration with the Global Geochemical Survey. The scope 
included collection of stream water, stream sediment, floodplain 
sediment (or alluvial soil), residual soil (top and bottom), and humus 
in 26 European countries. The sampling grid was based on a 
minimum sampling frequency of 1 sample per 25,600 m2. The results 
from this survey have been made publicly available, including maps 
of the spatial distribution of metals in soils of Europe (Rapant et al. 
2008). The soil data has been made publicly available at 
http://weppi.gtk.fi/publ/foregsatlas/ForegsData.php 
Europe Geochemical 
Mapping of 
Agricultural 
Soils (GEMAS) 
This program included 34 European countries, covering > 5.6 million 
km2 of land. The scope included sampling of agricultural and grazing 
land at a density of 1 site per 2500 km2, comprising 2211 samples of 
agricultural soil (A-horizon, 0-20 cm, regularly ploughed fields), and 
2118 samples from land under permanent grass cover (grazing land 
soil, 0-10 cm). Samples were assessed for 53 chemical and pH, TOC, 
LOI, grain size. Selected samples were assessed for total C and S, 
elements by X-ray fluorescence, Pb and Sr isotopes(Reimann et al. 
2014). Research has assisted in identifying drivers of background 
metal variability in Europe, including the influence of agricultural 
practices on metal enrichment (Saaltink et al. 2014). Results form this 
survey have been published by (Reimann et al. 2014).  
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Region Survey Summary including key highlights 
Britain The 
Geochemical 
Baseline Survey 
of the 
Environment 
(G-BASE)- 
British 
Geological 
Survey (BGS) 
The survey includes data collected over many years. The survey 
commenced in 1960 with the main purpose of mineral exploration. 
Sampling sites were based on 50 x 50 km cells across Great Britain. 
In 2011 the program had included 105, 000 stream sediments, 50,000 
soil samples and 90,000 stream samples (Johnson et al. 2011). 
Composite soil samples from five holes within an area of 20m x 20 m, 
were collected from the surface (5 – 20 cm) and from a depth of 35 – 
50 cm.  
Soils and sediments were analysed by X-ray fluorescence (XRF) for 
Mg, P, K, Ca, Ti, Mn, Fe, V, Cr, Co, Ba, Ni, Cu, Zn, Ga, As, Se, Rb, 
Sr, Y, Zr, Nb, Mo, Pb, Bi, Th, U, Ag, Cd, Sn, Sb, Cs, La, Ce, Ge, Sc, 
Se, Br, Hf, Ta, W, Tl, Te and I. Loss on Ignition (LOI) was 
determined on soils and pH (using 0.01M CaCl) was assessed on all 
subsoil samples. The results have been used to derive statistical upper 
limits for expected “normal” background conditions derived for areas 
based on the land use and parent material (Ander et al. 2013). 
England 
and 
Wales 
England and 
Wales National 
Soil Inventory 
(NSI)  
This survey aimed to understand shallow (0 to 15 cm bgl) soil 
chemistry across England and Wales. Original sampling commenced 
in 1978. Partial re-samplings has occurred since the mid-1990s. 
Approximately 5662 sampling sites were re-sampled (Blundell et al. 
2009a). Soil data covers England and Wales on a 5 km grid. Soil 
samples were assessed for Al, As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mg, 
Mn, Mo, Ni, Pb, Se, Sr, V and Zn using aqua regia digest and 
Ethylenediaminetetraacetic acid (EDTA) extraction. Major cations 
and anions including F were also assessed. The project included 
collection of data on erosion, land use and lithological information 
including stone abundance, root descriptions. 
Data from this survey has been used to measure changes in soil 
chemistry over time including atmospheric pollution to surface soil 
(Blundell et al. 2009b) and spatial-temporal variability of metals in 
soil (Lark, Bellamy & Rawlins 2006). 
China China Regional 
Geochemistry-
National 
Reconnaissance 
Program 
(RGNR), 
This survey commenced in 1978 for the purpose of mineral 
exploration and included collection of 3 million stream sediment 
samples in Southern China. Analysis of these 3 million samples 
varied and do not appear to be publicly available.  
More recently, composite samples were created by combining 100 of 
the original stream sediment samples. Approximately 5244 composite 
stream and floodplain sediment samples were submitted for further 
chemical analysis, covering southern China(Cheng et al. 2014). 
Soil and sediment samples were assessed for metals including trace 
elements, using aqua regia digest or XRF. Fluoride was also assessed.  
This work originally has assisted in discovery of thousands of mineral 
deposits (Xie & Cheng 2014). 
Summary statistics of metal concentrations across Southern China are 
provided by (Cheng et al. 2014). The dataset does not appear to be 
publicly available. 
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Region Survey Summary including key highlights 
China China 
Geochemical 
Baseline Project 
(CGB). 
This survey was undertaken as Part of the Global Geochemical 
Mapping Program (Darnley 1995). The aims were to: establish 
geochemical baseline data for rocks and soils, display spatial 
distribution of nearly all elements in the crust, trace sources of 
geochemical patterns, identify areas of interest for natural resources 
(Wang 2010). Samples were collected on an 80 km x 80 km grid 
across China. Analysis included 81 geochemical parameters in 
sediment samples (overbank/floodplain/catchment sediments) and 
rock samples. The survey was initiated 2008. Approximately 6617 
soil/sediment samples collected from 3382 sites, corresponding to a 
sample frequency of one sample site per 3000 km2. Data was further 
supported by an additional 11,943 rock samples. The methodology 
has been published (Wang 2015).  
China China 
Geological 
Survey (CGS)  
Part of National Multi-Purpose Regional Geochemical 
Survey (NMPRGS). This survey aimed to provide higher density, 
more systematic and multi-medium geochemical data for supporting 
science-based decisions related to assessing land resources, protecting 
the surface environment, and improving the efficiency of agriculture 
(Li et al. 2014). Samples were collected at a frequency of 1 
sample/km2. Collected from 0-0.2 m bgl and underlying deep soils 
from 1.5 to 1.8 m bgl or soils from the C horizon (which ever was 
lesser). Prior to 2013, approximately 376,600 surface soil samples and 
95,600 deep soil samples had been collected (Li et al. 2014). Results 
have been used for assessment of the influence of soil condition on 
endemic diseases. Recent data has correlated areas where soils are 
deficient in soil Se and Mo and shallow groundwater is high in nitrite 
with increased regional occurrence of oesophageal cancer (Li et al. 
2014). Concentration maps are available at 
http://www.ngac.cn/GeologicalMap.aspx?PageID=1. 
Japan Japan 
Geological 
Survey of Japan 
This program included collection of 3024 riverbed sediments, at a 
sample density of 1 sample per 100 km2 and 4905 seabed sediments 
analysed for 53 elements, including metals (Imai 2001). 
Limited information on the methodology of the survey was publicly 
available (at least in English). 
National and regional scale concentration maps provided for metals in 
soil at https://www.gsj.jp/en/database/db-portal/index.html 
Australia Australia The 
National 
Geochemical 
Survey of 
Australia 
Project 
The NGSA commenced in 2006 and was completed in 2009. The 
program was undertaken in collaboration with the Global 
Geochemical Survey. Survey included sampling of alluvial sediments 
at 1315 sites, samples collected at 0-10 and 60-80cm, equating to a 
sampling frequency of 1 sample per 5500 km2. Metal/metalloids were 
assessed using aqua regia digest method and XRF. Fluoride and soil 
pH (CaCl) was also assessed. The results of the survey have been 
used to plot broad scale maps of the distribution of metals and soil pH 
across Australia (de Caritat & Cooper 2011; de Caritat, Cooper & 
Wilford 2011). Survey results were used to derive upper threshold of 
background metal concentrations in soil at a continental and 
geological region scale (Reimann & de Caritat 2017). 
The methods and data set is available from: 
http://www.ga.gov.au/about/projects/resources/national-geochemical-
survey 
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Comparison of ambient background concentrations of potentially toxic elements in 
soils from around the world can help understand differences in agricultural requirements, 
environmental risks, and extent of diffuse contamination. Geochemical surveys have often 
implemented different sampling methods, including collection of soils from various depth 
ranges and different media (for example sediments or soils) (Table 1-3). As such, it is often 
difficult to compare results between geochemical studies (Liu et al. 2015; Reimann & de 
Caritat 2012). Darnley (1995) emphasised the importance of application of consistent soil 
survey methods between countries, so that soil results, including ambient background 
concentrations of potentially toxic elements could be compared (Darnley 1995). Key 
recommendations proposed by Darnley (1995) included assessment of metals using aqua regia 
digest, collection of surface and sub-surface soils at each location and avoidance of sample 
locations in close proximity to point sources (Darnley 1995; Demetriades et al. 2015). Since 
1995 there has been an international effort, as part of the Global Geochemical Baselines 
Working Group to systematically assess geochemical background concentrations in soil in 
accordance with Darnley’s recommendations. 
The Geochemical Mapping of Agricultural Soils (GEMAS) and National Geochemical 
Survey of Australia (NGSA) used comparable analytical methods. Comparison of soils 
collected during the NGSA of Australian and GMAS project in the United Kingdom has 
highlighted that on average Australian soils were depleted in As, Cd, Mn, Zn and P2O5, CaO, 
Na2O (Reimann & de Caritat 2012). Depletion of metals in Australian soils compared to 
European soils was attributed to the age of Australian soils and corresponding longer exposure 
to weathering and leaching (Reimann & de Caritat 2012). Given this hypothesis, one would 
further expect that the highly weathered soils of Australia would be more acidic and have 
higher Fe concentrations than the younger soils of Europe (Slessarev et al. 2016). However, the 
difference in weathering between continents was not reflected in comparison of median soil pH 
or median Fe concentration, which was statistically similar between the two continents. The 
lack of difference in pH and Fe concentration may have been a result of differences in soil 
material targeted during the two independent surveys. Soil samples collected for the NGSA 
included remote catchment and floodplain sediments collected from 0 to 0.1 m below ground 
level, whereas GEMAS “Ap” soils were from a deeper sample profile (0-0.2 m) and from 
ploughed agricultural land. Therefore, GEMAS samples were more likely to include point 
source contamination and added metals from fertiliser use. These sampling differences may 
also have also contributed towards the elevated metals (As, Cd, Mn, Zn) in Europe compared to 
Australia, which was previously attributed by Reimann & de Caritat (2012) to the weathering 
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of Australian soils.  
Differences between the GEMAS and NGSA surveys also raise the questions of the 
suitability of comparing floodplain deposits with in situ weathered soils. Cannon, Woodruff 
and Pimley (2004) found that stream sediment composition was not a consistently good 
quantitative predictor of the chemical compositions of nearby soils. In particular, Cannon, 
Woodruff & Pimley (2004) found that Mn, Zn, Na and Ca concentrations were statistically 
higher (P<0.02) in soil samples from A and C horizons soils compared with concentrations in 
stream sediment samples from the same region in north western Wisconsin, United States of 
America. Therefore, differences between concentrations of potentially toxic elements in soil 
compared to sediments may be associated with the sample medium rather than weathering or 
other environmental processes. Thus, to better identify drivers of differences in ambient 
background concentrations of elements between nations or regions, statistical comparison of 
soils should be made based on similar sample type, parent material or environmental setting 
(Reimann, Filzmoser & Garrett 2008), rather than based on medians of the entire dataset.  
For the purpose of this thesis, soil is defined as follows, consistent with the definition 
provided by Gregorich (2002): 
1) The unconsolidated mineral or organic materials on the immediate surface of the 
Earth that serves as a natural medium for the growth of land plants. (2) The natural, 
unconsolidated mineral or organic matter on the surface of the Earth that has been influenced 
by parent material, climate, macro- and microorganisms, and relief, all acting over a period of 
time to produce a material different from which it was derived in many physical, chemical, 
biological, morphological properties.”  
Soil is therefore considered to include A, B and C horizons and exclude R horizons. 
This definition becomes complicated when assessing profiles comprising multiple layers of 
sedimentary deposits, that are no longer under water. In this case, for the purpose of this thesis, 
deposited sediments have also been referred to as soils (consistent with the catchment plain and 
flood sediments assessed by the NGSA (Reimann & de Caritat 2012).  
1.6.2 Statistical derivation of expected upper limits 
During environmental assessment of land, it is often necessary to distinguish ambient 
background concentrations from point source contamination for the purpose of identifying if 
soils have been contaminated by an activity, industry or event. Screening criteria or thresholds 
are often used to identify if soils have elevated contamination due to the lack of cheap and 
accessible methods for chemically distinguishing the anthropogenic proportion of 
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contamination from the natural portion.  
Many statistical methods have been recommended for derivation of “Upper thresholds” 
or calculation of the expected upper limit of background concentrations of potentially toxic 
elements, based on local or national scale survey data (Matschullat, Ottenstein & Reimann 
2000). Reimann, Filzmoser and Garrett (2005) discussed the strengths and weaknesses of 
commonly applied statistical methods including the mean plus two standard deviations. 
Methods that allowed for visual and statistical identification of outliers were preferred over 
methods that were purely based on exclusion of a given percentage of data (e.g. the 95th 
percentile). In addition, statistical methods that accounted for the non-normal distribution of 
soil data (i.e. nonparametric methods) were preferred over methods that assumed data 
normality. Reimann, Filzmoser and Garrett (2005) recommended the use of nonparametric 
methods including the upper whisker of a Tukey boxplot, the median plus 2 median absolute 
deviation and the point of inflection on a cumulative frequency plot. These methods are also 
described in the International Organisation of Standardisation guidance on determination of 
background values (BSI 2011 ) and are commonly applied during background geochemical 
surveys (McIlwaine et al. 2014; Rothwell & Cooke 2015).  
Few studies have validated the accuracy of common statistical methods including the 
point of inflection on a cumulative frequency plot, for derivation of background upper 
concentration limits, using real environmental data. Rothwell and Cooke (2015) compared 
statistical methods for estimating ambient background concentrations from a dataset 
comprising environmental site assessment samples that were collected for planning purposes. 
The median plus 2 median absolute deviations was identified as the most suitable method for 
screening background soil samples from the larger data set due to the high number of samples 
that were expected to contain contamination. This method was considered conservative, 
yielding a lower upper limit than the upper whisker of a boxplot or the English Normal 
Background Concentrations method, which normalises the data and then uses the 95th upper 
confidence limit of the 95th percentile. However, the assumption that the method was 
conservative was not tested. Where datasets include a large percentage of contaminated 
samples (i.e. greater than 50%) even the statistical median may not be a conservative estimate 
of ambient background concentration.  
The relevance of upper limits or screening criteria is influenced by the scale and 
grouping of the data. In Finland, guidance recommends screening criteria are based on soils of 
a similar type or underlying geology, with preference for site specific information to be used 
(Jarva et al. 2010). Where high resolution soil surveys are undertaken, an understanding of 
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ambient background concentrations of potentially toxic elements at the local and regional scale 
can be gained. The results of national geochemical surveys have been used to estimate 
expected ranges of background concentrations of potentially toxic elements in geographic 
regions (Ander et al. 2013) and geological regions (Reimann & de Caritat 2017). In England, 
the results of a high frequency (1 sample site per 2 km2 for rural areas and 4 sample sites per 1 
km2 in urban areas) soil survey were used to estimate “normal background conditions”, defined 
as the 95th upper confidence limit of the 95th percentile of survey data for different geological 
areas and land use domains (Ander et al. 2013). Derivation of geographic specific expected 
upper limits for common elements of environmental concern has enabled environmental 
assessors to identify whether sites are contaminated compared to local conditions, assisting 
informed decisions for soil management and remediation (McIlwaine et al. 2017). However, 
few other international studies have collected samples at a high enough resolution to be suitable 
to characterise ambient background metals/elements at a local scale. 
1.6.3 Geospatial models and digital soil mapping  
Soil data from discrete survey locations are often interpolated by using spatial or 
statistical modelling to provide an indication of the soil condition in the areas between survey 
locations (Castrignanò et al. 2000). Covariate regression modelling or co-kriging techniques 
are specifically designed methods to handle spatially correlated random variables, and have 
been used to model ambient background metal concentrations across landscapes (Bou Kheir et 
al. 2014; Li & Heap 2014; McKinley et al. 2016; Soulié, Montes & Silvestri 1990; Wilford, de 
Caritat & Bui 2015). Spatial models have also been developed for prediction of  percentage 
clay (Gray, Bishop & Yang 2015), soil carbon (Stevens, Bogaert & van Wesemael 2015) and 
regolith thickness (Wilford et al. 2016) at both local and continental scales. 
Spatial models of soil physical and chemical properties have been improved since the 
beginning of the 21st century by the availability and interrogation of quality raster and vector 
data, collected by satellite and/or low flying devices including data for elevation, slope, 
vegetation cover and airborne gamma-ray derived elemental concentrations of K, Th, Bismuth 
(Wilford, de Caritat & Bui 2015). This additional information can help predict variability 
between points based on environmental controls of variability, rather than just using averaging 
and nearest neighbour methods to extrapolate results between sample points.  
Current, open-source satellite derived geospatial datasets (i.e. airborne gamma-ray 
elemental concentrations, slope etc.) in Australia typically have a minimum resolution of 90 m 
x 90 m (Grundy et al. 2015), far exceeding the resolution of continental scale soil surveys (the 
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NGSA survey had a resolution average of 1 sample site per 5500 km2) (de Caritat & Cooper 
2011). Due to the high resolution of satellite retrieved data, geospatial modelling methods, 
including advanced multivariate predictive modelling techniques, such as artificial neural 
networks (Noack et al. 2014) hold great promise for identification of areas of enrichment 
potentially toxic elements in soil and identification of areas of soil nutrient deficiency 
(Adhikari et al. 2014).  
However, the current resolution of geospatial information is typically limited both 
horizontally (with a resolution of approximately 90 m) and vertically (with a depth of less than 
0.3 m from the soil surface). For now, the results of spatial modelling will continue to need to 
validation by ground truthing (i.e. sample collection). It is expected that spatial models of soil 
variability at an increasingly detailed scale will continue to improve as the resolution of Light 
Detection and Ranging (LIDAR) information is refined (Huebner, Kottmeier & Brandelik 
2011; Viscarra Rossel et al. 2010). In addition, synergies of geochronological data with models 
of soil-landscape are likely to continue to evolve to predict buried soil horizons (Huang et al. 
2017). Whilst geochemical surveys currently provide valuable data for assessment of spatial 
variability of soils, the use of these remote sensing methods in combination with advanced 
spatial modelling methods are likely to reduce the need for high resolution soil surveys in the 
future. 
1.6.4 Geochemical normalisation methods 
At local scales typical of environmental assessment, geochemical normalisation 
methods have been recommended for distinguishing natural enrichment of metals from added 
contamination in soil samples (Hamon et al. 2004; Loring 1979; Myers & Thorbjornsen 2004). 
Geochemical normalisation is based on observed geochemical patterns in the environment, 
typically associated with the co-accumulation or binding of metals to clays, Al, Fe oxides, Mn 
oxides or OM (Loring 1990). 
Due to the strong propensity for siderophilic metals/metalloids to bind with Fe oxides, 
a number of studies have shown that trace metals tend to be co-enriched with Fe–Mn oxides, 
including enrichment in Fe stones, Fe nodules, and Fe and Mn concretions, relative to the 
surrounding soil matrix (Childs 1975; Frierdich & Catalano 2012). Therefore, where soils or 
sediments have a high percentage of Fe or Mn oxides these soils would also be expected to 
have proportionally higher concentrations of other trace elements (Hamon et al. 2004). Hamon 
et al. (2004) showed that ratios of metals to Fe were relatively consistent across soil types and 
countries. As such, a relative increase in the ratio of the metal/element of interest compared to 
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the index element (e.g. Fe) in a specific soil sample is considered indicative of the presence of 
added contamination (Covelli & Fontolan 1997; Donazzolo et al. 1981; Loring 1976, 1979; 
Myers & Thorbjornsen 2004) (Figure 1-1). 
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Figure 1-1 Conceptual example of the use of geochemical ratios between a selected 
potentially toxic element (PTE) of interest (y-axis) and a geochemical normaliser (x-axis) 
for identification of soil samples with potential added contamination 
Hamon et al. (2004) observed relatively consistent ratios between Fe and background 
concentrations of As, Cr, Ni, Pb and Zn for soils from remote areas of Australia and Namibia 
and agricultural areas of Australia, Malaysia and Thailand. Based on correlation between 
metals and Fe, Hamon et al. (2004) provided linear regression equations for prediction of 
background metal concentrations in soil. In addition, Hamon et al. (2004) provided a linear 
regression model for predicting the expected upper limit of background concentrations, above 
which the sample may include contamination. The expected upper limit of background was 
derived from the 95th percentile of background concentrations, following removal of the upper 
5% of results.  
The Hamon et al. (2004) dataset included soils from remote areas of Australia and from 
agricultural areas. The proposed geochemical regression equations aimed to estimate geogenic 
background concentrations of metals rather than ambient background metal concentrations. 
Hamon et al. (2004) purposely excluded data from agricultural and urban sites for estimation of 
Pb and Zn (i.e. ratios of Fe and Pb and Fe and Zn were based on samples from remote areas 
only). Therefore, equations by Hamon et al. (2004) may underestimate Pb and Zn in urban 
areas or agricultural soils, where diffuse additions of Pb and Zn are likely to contribute to 
ambient background concentrations.  
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1.6.4.1  Use of Fe and Mn in the estimation of ambient background concentrations 
Whilst several studies have presented statistically significant linear correlations 
between elements and Fe or Mn  (Aide 2005; Hamon et al. 2004; Myers & Thorbjornsen 2004), 
few studies have provided evidence of causal relationships; i.e. are elements present in fixed 
proportions in a common mineral host (such as Fe-oxide). 
It is hypothesised that geochemical correlations with Fe or Mn are a result of specific 
sorption of metals onto Fe/Mn-oxides or isomorphous substitution into the Fe/Mn-oxide 
(Hamon et al. 2004). It is well understood that metals (Al, Co, Cr, Cu,  Ni, Ti, Pb, V and Zn) 
can become isometrically substituted into synthetic or natural iron oxides. However, most 
research into the binding of metals to Fe, Al and Mn oxides has been undertaken using spiked 
soils (Fitzpatrick 1983; Ketrot et al. 2013; Landers et al. 2011). Complexion and isomorphous 
substitution of spiked metals with Fe oxides is likely different to the chemical association of 
metals and Fe oxides in aged soils occurring via weathering processes (Lock & Janssen 2003).  
Singh and Gilkes (1992) assessed the proportion of metals in natural soils, bound to Fe 
oxides by using dissolution kinetics (based on the theory that if the metal is bound to Fe oxides, 
then the rate of dissolution of the metal should be comparable to the rate of dissolution of Fe). 
Singh and Gilkes (1992) found that although a small proportion of metals appeared to be bound 
to more soluble fractions, such as Mn nodules, there was a large proportion of metals (Al, Cr, 
Co, Cu, Ni, Pb, Mn and V) within the soil that were retained within Fe oxides. These results 
indicate that correlation between Fe and other metals are a result of metals directly being bound 
and retained by Fe oxides. In addition, synchrotron based techniques, including microscopic x-
ray florescence, combined with chemical analytical methods have provided further evidence of 
the direct role of Fe oxides in metal enrichment in natural soils/sediments at the micrometre 
scale (Frierdich & Catalano 2012).  
Where metal enrichment is directly associated with the binding of metals to Fe oxides 
or Mn oxides, it is likely that environmental conditions, such as redox cycles, which result in 
dissolution of Fe and Mn oxide minerals, have influenced geochemical ratios (Aide 2005). 
Therefore, ratios of Fe and potential contaminants may not be consistent between soils that 
have formed in oxidising versus reducing environments (Aide 2005). The influence of changes 
in geochemical environmental conditions on Fe and metal geochemical ratios do not appear to 
have been studied in the peer-reviewed literature. Therefore, the accuracy of estimation of 
ambient background concentrations of metals using geochemical normalisation with Fe, 
requires further assessment.  
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1.6.4.2 Alternative geochemical normalisation elements/properties 
  Soil properties that have an influence on adsorption and binding capacity (such 
as clay content (or Al concentration), cation exchange capacity (CEC), pH, grain size, and OM) 
have also been used as geochemical normalisers for estimation of ambient background 
concentrations of potentially toxic elements in soil (Dreher & Follmer 2004). However, 
correlation between ambient background concentrations of potentially toxic elements and soil 
physical parameters are influenced by human and seasonal changes resulting in increased 
inaccuracy and uncertainty (Bern 2009; Dreher & Follmer 2004; Ivanov & Kashin 2010).  
Minor elements Li, Cs, Ce, Nb, and Ta have also been used for geochemical 
normalisation of metals/metalloids, (Eberl & Smith 2009; Loring 1990; Lottermoser 2009). 
Loring (1990) reported that Li was more effective as a normalising factor than Al in sediment 
samples containing phyllosilicates because Li almost exclusively represents the clay fraction, 
whereas Al is present in other coarser silicate fractions as well (Kersten & Smedes 2002). 
Brown, Helmke and Clayton (2003) reported that Ce can be used as a geochemical normaliser 
for Mn, for the ferricrete soils of Uganda, particularly when Mn is present at anomalously high 
concentrations. Lottermoser (2009) used ratios of metals (Nb, Ta and Ti) to identify metal 
enrichment in cane plantation soils of Queensland compared to forest soils, weathered from the 
same parent material. Based on these studies, trace metals may also be an effective alternative 
to the use of Fe or Al normalisers for normalisation of some metals/metalloids. However, 
currently no studies have compared the accuracy of prediction of background metals using rare 
or minor earth elements rather than Fe as normalising factors.  
Geochemical normalisation methods have largely been applied for the estimation of 
ambient background concentrations of metals and metalloids (Hamon et al. 2004; Loring 1979; 
Myers & Thorbjornsen 2004). Application of geochemical normalisation methods for other 
potentially toxic elements, such as F, is yet to be tested.  
1.7 Guidance and legislation for estimation of ambient background 
concentrations 
Globally (particularly in Europe), environmental guidance has moved away from use of 
national trigger or screening levels for identifying contamination and moved towards use of 
regional or site specific criteria, which can more accurately distinguish added contamination 
from ambient background concentrations (Ander et al. 2013; Jarva et al. 2010; Tarvainen & 
Jarva 2011).  
In Finland, assessment of background concentrations of potentially toxic elements is 
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required to identify the need for soil remediation. The Finnish guidance recommends that 
geochemical background is assessed per soil type (defined by soil texture) within areas defined 
by parent material (geochemical provinces) (Ministry of the Environment 2007). Geochemical 
background in Finnish guidance is defined as the upper limit of the upper whisker of a box and 
whisker plot for soils in the selected geochemical province (Jarva et al. 2010). 
In Italy, background concentrations are derived for domains based on parent material, 
soil type and land use. Following data transformation and removal of outliers (identified as 
those observations above the upper whisker of a boxplot), the 95th percentile of the data 
population is used to define the upper background limit for the specific soil domain, (APAT-
ISS 2006). 
In England and Wales, normal background concentrations have been developed for 
regional domains, based on soil parent material (underlying geology), land use (urban or non-
urban), presence of mineralisation and associated mining activities (Ander et al. 2013). The 
English and Welsh guidance was developed to identify areas of priority that require attention, 
i.e. have higher contamination than expected conditions in that area. Background 
concentrations in English guidance are defined as the upper 95 % upper confidence limit of the 
95th percentile of the dataset, following normalisation of data (where possible). The normal 
background concentrations are consistent with the definition of baseline concentrations, but as 
these concentrations may include mine tailings and industrial fill, the NBC are not considered 
representative of ambient background.  
All three of the methods described above, require background or baseline soil survey 
data from the domain/region requiring environmental assessment. An expected upper limit of 
background is then derived based on statistical screening of outliers or elevated results.  
In Australia, an understanding of expected ambient background concentrations of 
potentially toxic elements for a specific environment is used to derive screening criteria for 
potential risk to organisms. The National Environmental Protection Measure (Assessment of 
Site Contamination) was revised in 2013 (NEPC 2013) to include estimation of ambient 
background concentrations of Ni, Cu, Cr and Zn for derivation of site specific ecological screen 
levels, whereby the ecological investigation level is calculated by the sum of the background 
concentration plus an added contaminant level (a toxicological factor) (NEPC 2013). Where 
site specific background information is not available, the NEPC (2013), recommends 
estimation of background metal concentrations based on generic geochemical normalisation 
equations with Fe or Mn (Hamon et al. 2004) for estimation of expected background 
concentration. Methods by (Hamon et al. 2004) aimed to estimate natural (geogenic) 
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background concentrations of metals rather than ambient background concentrations of metals. 
Therefore, it is expected that these equations would underestimate ambient background 
concentrations of metals/elements that are highly influenced by diffuse contamination (e.g. Pb 
and Zn) (Nicholson et al. 2003). Furthermore, visual review of Hamon et al., (2004) correlation 
between Fe and metals As, Cu, Ni and Cr suggests estimation of elements using the proposed 
equations may under or overestimate background concentrations by up to 10 fold, based on the 
variability within the dataset used to derive the normalisation equations. The suitability of high 
variability in Fe to element ratios on the suitability of geochemical normalisation methods for 
deriving ecological screening criteria, rather than being used as a screening tool for distinction 
of elevated samples as recommended by (Myers & Thorbjornsen 2004) has not been assessed.  
In addition, as the Fe and metal ratios may vary under different geochemical 
environments, validation of Fe to metal ratios in reducing verses oxidising conditions should 
also be undertaken to verify the suitability of generic ratios across soil types/environments. 
Where geochemical normalisation methods cannot support estimation of background metal 
concentration alternative statistical approaches to geochemical normalisation methods may be 
required for distinction of added contamination from natural enrichment.  
1.8 Natural enrichment in the soils of Australia  
Soils of Australia span almost 7.7 million km2 (Geoscience Australia 2018) across a 
wide range of parent materials, including alpine zones, Mediterranean zones, wet and dry 
tropics and arid areas (Keith 2017).  
The soils of Australia differ from soils from other continents in the Northern 
hemisphere due to soil age, limited historical cultivation and unique vegetation (Keith 2017). 
Australian soils are old and have, in many areas, been exposed to weathering for millions of 
years, with only relatively small areas of re-generation by glaciation or volcanism compared to 
soils of northern Europe or Oceania Asia. Laterite and serpentine soils, which are naturally 
enriched in Fe, Mn, Ni and Cr, cover large areas of Australia due to the extensive weathering of 
the soils (Brian, Kriedemann & Colin 2006; Lottermoser 1997). 
Soils weathered from mineral ore deposits can be naturally elevated in metals, 
including As, F, Zn, Pb and Ni (Sultan 2006). Australia includes many areas of mineral 
enrichment and is reported to have the world's largest resources of Au, Fe ore, Pb, Ni, rutile, U, 
Zn and zircon (Geoscience Australia 2015).  
The biological cycling of metals, by translocation from the roots to the shoots of plants 
and subsequent leaf fall and decomposition at the soil surface has been identified as a key 
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driver of metal variability in surface soils of Europe and America (Reimann et al. 2012; 
Reimann et al. 2011). The age and isolation of the landscapes in Australia have allowed for 
specialised plant diversification and evolution (Keith 2017). Native Australian plants are 
predominantly evergreen and include plant species adapted to very dry environments with low 
transpiration of water, and hence potentially much lower translocation rates. Differences in 
climate, plant transpiration and leaf fall in Australia compared to in Europe, is likely to result in 
thinner or missing, O horizon soils and lower biological cycling rates. Low organic matter 
concentrations in Australian soils relative to Europe has been highlighted by global soil carbon 
maps (Scharlemann et al. 2014). The difference in weathering extent and biological cycling of 
Australian soils are likely to have resulted in different patterns of ambient background 
concentrations of potentially toxic elements compared to other continents, such as Europe, 
where much of the research on background concentrations has been undertaken. The influence 
of vegetation on ambient background concentrations of potentially toxic elements in Australian 
soils compared to international soils has not been assessed.  
1.9 Natural enrichment in the soils of Victoria, Australia 
Only limited assessment of ambient background concentrations of potentially toxic 
elements in soil at a regional scale, has been undertaken in Victoria, Australia. Much of the 
published soil survey data from across Victoria was either collected at low resolution (de 
Caritat & Grunsky 2013); or comprised of samples collected from contaminated sites (Sultan 
2007) or in close proximity to roads, where soil may contain added point source contamination 
(Olszowey, Torr & Imray 1995).  
Naturally enriched ambient background concentrations of potentially toxic elements 
have been reported in the soils of Victoria, such as Ni and Cr in soils overlying basalt of the 
Newer Volcanics formation (Diomides 2005; Meuser & Van de Graaff 2011). van de Graaff 
(2012) reported elevated As concentrations in soil overlying the Silurian Formation geology in 
an excavation pit in Melbourne, and suggested that based on the depth and immobile nature of 
the As that it was likely to be associated with natural enrichment not contamination. 
Environmental assessment reports (Victoria EPA 2016) have also noted elevated As in alluvial 
sediments of east Melbourne. For example, an environmental assessment report (van de Graaf 
2013), suggested that As enrichment in Brighten Group sediments was associated with the 
enrichment of Fe in these soils and likely due to natural co-accumulation of metals with Fe 
oxides. The current studies of expected background concentrations in Victoria, have been 
limited to specific regions, for example a mining area or a specific building excavations (van de 
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Graaff 2012), with little review of the extent or causes of natural enrichment of potentially 
toxic elements in soils. 
1.10 Objectives and Research Questions 
The objectives of this research were to use data collation, spatial mapping, geochemical 
modelling and statistical analysis to estimate ambient background concentrations of As, Cd, Cr, 
Cu, Hg, Mn, Ni, Pb, V and Zn and F in the soil in targeted areas of Victoria. This research 
aimed to answer the following questions: 
1. What statistical methods are suitable for deriving ambient background upper limits 
from open-source soil datasets? 
2. What is the range and expected upper limit of background concentrations of As, Cd, 
Cr, Cu, F, Pb, Hg, Mn, Ni, V and Zn in the targeted Victorian soils?  
3. How do anthropogenic and environmental factors influence ambient background 
concentrations of potentially toxic elements in the targeted Victorian soils? 
4. Can geochemical normalisation with Fe be used to predict ambient background 
concentrations of key elements of environmental concern (As, F, Cu, Cr, Ni, Zn) in the 
targeted Victorian soils? 
5. Why, and how, is As and V enriched in soils formed on the Brighton Group sediments 
of Victoria? 
The results of this research aimed to provide; an understanding of the distribution of 
ambient background concentrations of potentially toxic elements in Victorian soils; evidence of 
how geogenic elements are bound in the soil matrix; and improved methods for distinguishing 
natural enrichment from added contamination. 
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2.1 Preface 
A targeted background soil survey was undertaken to provide a geochemical 
benchmark to which manually screened open-source data (Chapter 3) and future soil samples 
collected from environmental assessments sites could be compared. This chapter describes the 
methodology for collection and evaluation of soil survey data, herein referred to as the 
“Survey” dataset.  
For accurate interpretation of ambient background soil data it was important that the 
samples collected during the soil survey were representative of ambient background 
concentrations and did not include point source contamination. A targeted sampling protocol 
was undertaken to avoid locations that could be affected by point source contamination. In 
addition, statistically anomalous concentrations of potentially toxic elements were reviewed to 
validate if concentrations were representative of ambient background concentrations or point 
source contamination. The rigorous review of survey sample results has provided confidence 
that the Survey dataset is representative of ambient background conditions and applicable for 
assessing drivers of enrichment of ambient background concentrations of potentially toxic 
elements.  
2.2 Introduction 
Interpretation and comparison of soil survey information is often hampered by 
differences in sample depth and analysis methodologies (Reimann & de Caritat 2012). To 
improve comparability of geochemical survey results across different countries, Darnley (1995) 
recommended consistent methods for soil sample collection and analysis during geochemical 
soil surveys. These methods included rules for ensuring soil samples avoided point sources of 
contamination and use of aqua regia digest for assessment of metals in soil (Darnley 1995). The 
use of consistent sampling and analytical approaches during different geochemical survey 
programs has allowed for comparison of soil conditions between different countries and 
continents (Reimann & de Caritat 2012).  
When assessing ambient background concentrations of potentially toxic elements, it is 
important to identify if elevated results are due to point sources of contamination and thus not 
representative of ambient background. An elevated result may represent a natural anomaly due 
to mineralisation, contamination, or a laboratory/method error (Reimann & Garrett 2005). 
Principal components analysis, supported by knowledge of the Assessment Area, has been 
demonstrated to be a useful statistical tool for identifying anomalous soil samples or groups of 
soil samples, including identification of samples impacted by point source contamination 
  
47 
 
(Araújo et al. 2018). 
In best practice, quality control procedures are used in the field to ensure sampling 
methods are repeatable, to reduce cross contamination and make sure soil samples are 
representative of the targeted medium. Quality control procedures are also preferably 
undertaken during laboratory analysis to assess accuracy and precision of analytical methods. 
Review of quality control methods and results can provide an indication of the suitability of 
analytical methods and reliability of the study results.  
The objectives of the soil survey methodology and quality assurance protocols outlined 
here were to; collect soil samples using methods comparable to international standards 
(Darnley 1995); use quality control procedures for laboratory analysis consistent with 
Australian guidance for environmental assessment (NEPC 2013) and ensure that Survey data 
were representative of ambient background conditions.  
2.3 Methodology 
2.3.1 Defining the Assessment Area 
The Assessment Area consisted of Greater Melbourne, Mitchell, Greater Ballarat and 
Greater Geelong. The Assessment Area was chosen with consideration of areas of Victoria 
with high urban development or proposed development to maximize the value if the 
information obtained for the environmental assessment of future land developments (Figure 
2-1). Within the Assessment Area, soils overlying the Newer Volcanics (Quaternary basalt), 
Brighton Group (Tertiary sediments), Anderson Creek and Dargile Formation (Silurian 
siltstone/sandstone) geological units were targeted. These geological units were selected due to 
their significant extent across Victoria and anecdotal information suggesting the natural 
enrichment of at least one element in soils from each geological unit (Ni and Cr in soils 
overlying the Quaternary basalts, As in soils overlying Tertiary sediments and F in soils 
overlying Silurian siltstone/sandstone).  
The term Tertiary is no longer recognised as a geological period by the International 
Commission on Stratigraphy, rather this period is now referred to as Paleogene & Neogene 
periods (Gradstein et al. 2008). However, as the maps used for defining the geological regions 
of Victoria (VandenBerg 1997), have not been revised and still refer to the Tertiary period, the 
term Tertiary, has been used within this thesis, for consistency with the descriptions of the 
mapped geology of the assessment area.  
Soils were grouped based on underlying parent material, as many publications have 
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reported parent material to be the key driver of ambient background concentrations in soils 
(Smith, Cannon & Woodruff 2011). As soils are not always weathered from the underlying 
geological formation and can originate from the deposition soils weathered from other parent 
materials, the term “soil overlying” each particular geological unit was used to group soil 
information.  
 
Figure 2-1 Sample locations in Victoria Australia, on targeted parent materials in the 
Assessment Area including Greater Melbourne, Mitchell, Ballarat and Greater Geelong. 
Parent material based on mapped geological features (VandenBerg 1997) 
2.3.2 Soil sample collection 
Surface (0 to 0.1 m) and sub-surface samples (collected between 0.3 to 0.6 m) were 
collected using a hand auger from 320 locations in the Assessment Area (Figure 2-1). The 
surface sample depth was consistent with the typical depth interval sampled during 
environmental site assessments and the depth of surface samples collected for the National 
Geochemical Survey of Australia (de Caritat & Cooper 2011). The sub-surface depth targeted 
the B-horizon, which can be naturally enriched in metals (Wrigley, van de Graaff & Lang 
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2006). 
Where present, leaf litter and dense grass roots were removed from the surface prior to 
sampling. A distinct O horizon, was generally limited or not observed; therefore, surface 
samples targeted A horizon soils. The sub-surface samples were limited to one soil horizon 
within 0.3 m and 0.6 m depth interval (for example if the B horizon was encountered at 0.4 m, 
the sample was collected from 0.4 m to 0.6 m depth. Where no distinct B horizon was present, 
A or C horizon soils (depending on which was present) were sampled within the sub-surface 
depth interval and the horizon noted. 
Land use, aspect, morphology and field texture were logged at each location in general 
accordance with the Australian Soil and Land Survey, Field Handbook (McDonald et al. 1990). 
Sample location and elevation was recorded used a hand held global positioning system 
(Garmin 64 S, accuracy of at least ± 10 m). Moist Munsell colour was determined for samples 
in the field.  
To avoid point source contamination, as far as practicable, the soil survey locations 
were chosen using the following criteria: 
• Minimum of 5 to 8 km downwind from active major industrial contamination point 
sources e.g. power stations or smelters 
• Minimum of 200 m from highways 
• Minimum of 25 m from rural roads  
• Avoid proximity to road intersections 
• Minimum of 100 m from buildings (this was not always possible, typically greater 
than 50 m from building, or clear separation was present, i.e. a fence or valley) 
• Minimum of 50 m from the end rows or other areas where large amounts of 
fertiliser may have been deposited in agricultural sites 
• Avoid atypical landscapes (such as hill crests), or excessively disturbed areas, such 
as mine dumps, landfills and construction sites.  
These criteria were based on the procedures recommended by the International 
Geological Correlation Program (Darnley, 1995).  
A search of potential underground assets at sample locations was undertaken using the 
“dial before you dig” website (www.1100.com.au). Sample locations were moved to avoid 
mapped services. Permission to collect soil samples was gained from property owners 
(including private property owners, council and Parks Victoria) prior to collection. Samples 
from properties managed by Parks Victoria were collected in accordance with permit 1007243. 
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2.3.3 Sample analysis 
Each primary soil sample was assessed by Australian Laboratory Services 
(https://www.alsglobal.com/) who were accredited by the National Association of Testing 
Authorities for the protocols performed. The parameters assessed are described in Figure 2-1. 
Table 2-1 Summary of Analytical Methods 
Analysis description Method 
pH  10 g of soil was mixed with 50 mL of 0.01 M CaCl2 and tumbled 
end over end for 1 hour. The pH was measured from the continuous 
suspension (Rayment & Higginson 1992). 
Moisture  Gravimetric weight loss measured over a 12 hour drying period at 
103-105 °C. 
Soil Particle Density Soil Particle Size Analysis by hydrometer according to Australian 
Standard AS1289.3.6.3 – 2003 (Standards Australia 2003) and soil 
particle density by AS 1289.3.5.1-2006 (Standards Australia 2006). 
Exchangeable Cations 
(Ca, Mg, K, Na) 
Method 15A1 and Method 15A2 from Rayment and Lyons (2011). 
Cations were exchanged from the sample by contact with 
ammonium chloride. Cations were then quantified in the final 
solution by inductively coupled plasma atomic emission 
spectroscopy (ICP AES) and reported as meq/100 g of original soil.  
Total Metals/Metalloids 
(Al, Sb, As, Ba, Be, B, Cd, 
Cr, Co, Cu, Fe, Mg, Mn, 
Hg, Mo, Ni, Se, Ag, Sr, Tl, 
Sn, Ti, V, Z), P and S 
Concentrations determined by ICP AES following aqua regia 
digest; HCl:HNO3 (10:4) at 95ºC for 30 minutes and addition of 
hydrogen peroxide and heating for a further 30 minutes, as 
described by method APHA 3120; method SW 846 – 6010, (US 
EPA 2014).  
Total Mercury Mercury in solids was determined by atomic absorption 
spectroscopy, acid digestion. Ionic Hg was reduced online to 
atomic Hg vapour by SnCl2 which was then purged into a heated 
quartz cell., as described by method AS 3550, APHA 3112 (US 
EPA 2014). 
Total Fluoride Samples were fused with sodium carbonate/potassium carbonate 
flux. Total F was determined by ion specific electrode in a solution 
obtained after sodium carbonate/potassium carbonate fusion 
dissolution. 
Organic Matter  Dichromate oxidation method (Standards Australia 1997) after the 
Walkley and Black method (Walkley & Black 1934) 
 
2.4 Quality assurance and quality control measures 
The Quality Assurance (QA) and Quality Control (QC) procedures adopted during the 
ambient background soil survey met requirements described in Section 8.0 of the Australian 
Standard AS 4482.1 (Standards Australia 2005). The quality control procedures included: 
• Collection of quality control samples; 
• Use of standardized field sampling forms; and 
• Documentation of calibration and use of field instruments.  
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A data quality review was conducted utilising the Data Quality Objectives and Data Quality 
Indicators as outlined in Appendix B and Appendix C of Schedule B2, by the National 
Environment Protection Measures (NEPM) (NEPC 2013). The adopted data quality objectives 
and indicators are summarised in Table 2-2. 
Table 2-2 Summary of data quality objectives as outlined in the NEPM (NEPC, 2013) 
Data Quality 
Objectives 
Field & Laboratory Data Quality Indicators and Acceptance Limits 
Completeness The scope of works is suitable to meet the objectives of the assessment. The 
number and location of samples meets the objectives of the field work program. 
Sample collection, handling, storage and preservation were appropriate. 
Samples were assessed for the proposed suite of analytes. Samples were 
analysed using the same laboratory procedures and within appropriate holding 
times.  
The scope of this work was to collect a total of 640 samples from 320 locations 
within the targeted assessment areas. All primary samples were to be assessed 
for a suite of metals including, As, As, Cd, Cr, Cu, F, Hg, Ni, Sn, Pb and Zn, 
and pH, CEC and particle size distribution. 
Comparability Standard sampling procedures and sampling instruments were used on each 
occasion. The sample type, size fraction and pre analysis processes are to be 
consistent. Analytical methods used consistent limits of reporting and units. The 
laboratories used were registered by the National Association of Testing 
Authorities and the methods used were endorsed by the National Association of 
Testing Authorities. Re-usable equipment was washed between sample 
locations, to remove soil.  
The limit of reporting should be below the Industrial Waste Resource 
Guidelines (IWRG621, EPA 2009) for Fill Material. 
Precision Precision is assessed through collection and analysis of field and inter-
laboratory duplicates, and analysis of laboratory duplicates. Primary and 
secondary duplicate soil samples were collected at a rate of 5% (Standards 
Australia 2005).  
Accuracy Accuracy is assessed through compliance with standard procedures and analysis 
of field rinsate blanks, method blanks, matrix spikes, surrogate spikes, reference 
materials, laboratory control samples and laboratory prepared spiked control 
samples. Accuracy is assessed through the comparison of results produced by 
the primary and secondary laboratories for the same sample and by measuring 
the extent to which an analytical result reflects the known concentration as 
measured by the recovery obtained from internal laboratory spikes. 
Relative Percent Difference is to be less than 50% for field duplicates analysed 
by the primary and secondary laboratories. 
Relative Percent Difference for inter-laboratory duplicates to be less than 30%. 
Method blank results should be below the LOR. 
Recovery of Laboratory Control Sample Spikes and matrix spikes should be 
within the range of 70% to 130%. 
Different matrix effects can affect the recoveries of some analytes and therefore 
recoveries that fall outside this range may still be acceptable. 
 
The presence of petroleum hydrocarbons may indicate sources of contamination (i.e. 
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from fuel or industrial activities) and therefore may assist in flagging that the site was not 
representative of ambient background concentrations but rather point source contamination. A 
subset of samples (n=149) were analysed for total recoverable hydrocarbon, following silica 
gel clean up, using method USEPA SW 846 - 8015A, (US EPA 2014) and purge and trap of 
extracts using method USEPA SW 846 - 8260B (US EPA 2014). The use of silica gel clean-up 
was undertaken to exclude most naturally occurring hydrocarbons) (Wang et al. 2012).  
Surface and sub-surface soils (n=70) from Ballarat were re-assessed for Cd using aqua 
regia digest followed by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS), to gain a 
lower level of detection (LOR reduced from 1 mg/kg to 0.1 mg/kg). In addition, As 
concentrations within surface soils of Ballarat (n=35) we also measured using ICP-MS in 
addition to ICP AES, to assess arsenic concentrations at a lower limit of detection.  
The project specific data quality objectives are summarised in Table 2-3. The acceptance limits 
were in accordance with recommendations within the NEPM (NEPC, 2013) 
2.5 Verification of soil parent material 
Soils samples were categorised based on the mapped parent material (VandenBerg 
1997) at each sample location (map scale of 1:250000). Due to the low resolution of 
geographical survey data and some sample locations being located close to the boundary of 
different mapped geologies, the accuracy of categorisation of soil samples based on mapped 
underlying geology was assessed using discriminant analysis. Discriminant analysis is a 
classification method, which like, multivariate analysis of variance is a procedure for 
comparing multivariate sample means (or populations) and classifying new observations into 
one of the known populations based on the measured characteristics. In this case, discriminant 
analysis was undertaken to identify which soil samples were not chemically consistent with 
other soil samples within the same designated geological unit (for example Tertiary basalt). 
Discriminant analysis was undertaken in Minitab on ranked sub –surface results. 
Samples were ranked in concentration order in accordance with recommendations by Helsel 
(2010) to enable management of results less than the limit of reporting. Where samples were 
identified as statistically better suited to a different parent material, the sample location, soil 
texture and geomorphology was reviewed for this location. Where discriminant analysis was 
supported by the field observations, the parent material was revised.  
2.6 Statistical identification and evaluation of anomalous results 
The ambient background soil data was compositional (i.e. results were in mg/kg, and 
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therefore not independent of one another). Thus, prior to undertaking multivariate analysis, the 
dataset was opened using centred log ratio transformation, whereby each result for each 
variable was divided by the geometric mean of all the variables for that individual sample 
(Aitchison 1986; Filzmoser, Hron & Reimann 2012). Prior to analysis of similarities element 
concentrations were opened, log transformed and scaled on a resemblance matrix plotted 
within the Euclidean space. 
Principal components analysis using elements known to be common soil contaminants 
(As, Co, Cu, Ni, Pb and Zn) was undertaken to identify outliers in the Survey dataset, 
potentially representative of point source contamination.  
Samples with an elevated Mahalanobis distance (Todeschini et al. 2013), were 
identified as outliers. The Mahalanobis distance is used in multivariate analysis to measure 
distance of each point (in this case soil sample) relative to the centroid of the data, which can 
be thought of as an overall mean for multivariate data. Samples with a high Mahalanobis 
distance compared to other samples, are considered to be outliers (i.e. these results are not 
consistent with the overall multivariate mean for the dataset) (Todeschini et al. 2013).  
The geomorphology, historical land use and chemical characteristics at each outlier 
location were reviewed to identify possible cause(s) for the anomalous concentrations of 
potentially toxic elements. Where a surface sample was identified as impacted by point source 
contamination, the surface and sub-surface soil sample from this location were removed from 
the Survey dataset. 
2.7 Results 
Sample locations were within properties managed by Parks Victoria (n=140), Local 
Councils (n=120), and private land owners (n=60). Historic land uses included agriculture, 
horticulture, parks and mining (see Table A1, Appendix A for historic and current land uses for 
each location). The current land use at sampled sites comprised parks (n=242) and agricultural 
land (n=78). Parks included nature reserves, public open space, school grounds and 
sports/recreation areas.  
At two locations (BH018 and BH019), the subsoil sample was collected at a depth less 
than 0.3 m due to shallow residual soil profile (basalt rock). These samples were categorised as 
“Out of category” and not included in analysis categorises of “Surface” (0.0-0.1m) or Sub-
surface (0.3-0.6m). Soil analysis results are provided within a publicly available database 
(https://soilexplorer.eres.rmit.edu.au/soil-explorer/) (Mikkonen et al. 2018a).  
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2.7.1 Data quality and quality control 
Comparison of the background survey methods and results with the adopted data 
quality indicators is presented in Table 2-3  
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Table 2-3 Comparison of the background survey methods and results with the data 
quality objectives and data quality indicators 
Data Quality 
Indicator 
Summary of Results 
Completeness In accordance with the project objectives 640 primary samples were collected from 
320 sampling locations within the assessment area. 
All samples were assessed for the proposed suite of analytes.  
Due to the presence of basalt rock, two samples BH018/051214/0.1-0.35 and 
BH019/051214/0.04-0.3 were collected outside the desired sample depth for sub-
surface material (0.3 to 0.6 m). These samples have been excluded from the sub-
surface statistics.  
To meet the objective of samples being representative of ambient background 
concentrations, an understanding of the historical use of the area was gained by 
interviewing local, members of Parks Victoria or property owners. Where historical 
information, fill soils or visible evidence of anthropogenic impacts were observed 
during field works, the sample location was re-located. 
The surface samples from BH019 reported elevated concentrations of Zn (557 
ppm), outside the range expected within soils overlying basalt based on other soils 
in the area and greater than the expected upper limit of Zn (254 mg/kg), as 
estimated from the national soil dataset (Reimann & de Caritat 2017). The elevated 
Zn results were expected to be associated with the incorrect use of a painted spade 
to scrape the sample from the shallow basalt at this location. Samples from BH019 
were excluded from the background data set.  
A review of soil sample holding times indicates that less than 1% of analyses were 
undertaken outside the recommended holding time. Holding time exceedances were 
predominantly for analysis of OM, which was added to the analytical suite during 
the field work program.  Samples were stored short term in sealed glass jars or zip 
lock bags. Samples stored long term (greater than one week) were air dried at 40oC. 
Loss of organic carbon during sample storage is unlikely to have influenced the 
quality of results.  
Comparability Samples are to be collected by the same environmental sampler. 
Disposal nitrile gloves were used when handling soil samples. Soil samples 
collected for chemical analysis were collected in jars with Teflon sealed lids. Soil 
samples collected for analysis of particle size were collected in zip lock bags. Soil 
samples were labelled in the field. The sample ID included the sample location, date 
and depth (for example BH001/020514/0.0-0.15). Soil samples were transported the 
engaged chemical laboratories under a signed chain of custody. 
Accuracy  All 2236 laboratory method blanks meet the data quality objectives of no reported 
results above the LOR. 
Of the 1915 laboratory control spikes assessed, a total of 34 were outside data 
quality objectives, indicating an accuracy of 98.3%. Twenty seven of the 34 non-
conformances were for analysis of total petroleum hydrocarbons. Seven laboratory 
control spike non-conformances were for analysis of metals. 
Of the 1026 matrix spikes assessed, 5 results exceeded the data quality objectives 
indicating an accuracy of 99.5%. Four of the 5 exceedances were for analysis of 
organic carbon. One matrix spike exceedance was reported for analysis of fluoride. 
 
Based on the data quality indicators it was considered that the overall quality control 
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measures used to collect and assess the soil samples were sufficient for the objectives of this 
research. 
2.7.2 Assessment of total recoverable hydrocarbons 
A total of 149 soil samples were assessed for total recoverable hydrocarbons, following 
silica gel clean up, (TRHs).  Detectable concentrations of TRH C10 to C40 were reported 
within surface samples at BH004, BH196, BH275 and BH276. A description of each of the 
sample locations is described below and presented in Figure 2-2: 
• BH004: Located approximately 10 m from Darebin Creek, adjacent to Sullivan 
Memorial Park, Reservoir. The sample area has historically been used for agricultural 
purposes, primarily grazing, prior to being converted to open space parkland.  The 
sample location was approximately 80 m from the end of a no through road. The area 
may be inundated during floods. 
• BH196: Located within area of natural vegetation, Church lane, Anakie. The sample 
area comprised established eucalypt trees and has been part of Church grounds for the 
past 100 years. The sample location was located approximately 25 m from an unsealed 
road (low traffic). Adjacent to agricultural grazing land. 
• BH275: Located on the southern side of Mt Buninyong, within a highly vegetated area, 
comprising established eucalypt trees within a nature reserve.  The sample location was 
over 100m from a rural road.  
• BH276: Located on the eastern side of Mt Buninyong, within a highly vegetated area, 
comprising established eucalypt trees and thick undergrowth within a nature reserve. 
The sample location was over 50m from one-way tourist road.  
Thick vegetation, including eucalypts species were present at all four locations. The 
total organic carbon (TOC) concentrations at BH196, BH275 and BH276 (8.2, 7.5 and 12 
mg/kg, respectively) were above the 85th percentile for TOC within the Assessment Area.  
Several studies have shown that organic carbons from plant matter can interfere with TRH 
analysis, even following silica gel clean up (Muijs & Jonker 2009). Eucalyptus leaf litter is 
known to containing high concentrations of waxes and other naturally occurring hydrocarbon 
compounds (Külheim et al. 2015) that could interfere with TRH analysis. 
The concentration of other common contaminants including As, Pb and Zn within the 
samples comprising detectable TRH, were comparable to other locations within the same 
region and geology, except at BH004 where the Pb concentration was above the 75th percentile 
for soil derived from basalt in greater Melbourne. It was considered likely that the TRH results 
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reported at BH196, BH275 and BH276 were associated with natural biotic organic carbons and 
were therefore not an indication of contamination and were retained in the database for further 
analysis.  
Due to the close proximity of BH004 to an urban creek it is unclear if the reported 
TRH results are from natural waxes and organic matter associated with leaf litter or from 
diffuse contamination associated with runoff from surrounding areas or flood water. The 
definition of ambient background concentration includes diffuse contamination. No point 
source of TRH contamination was identified at the sample location. Therefore, this sample was 
considered representative of ambient background and retained in the database for further 
analysis.  
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Figure 2-2 Photos of soil sample (left) and sample locations (right) where detectable total 
recoverable hydrocarbon concentrations were reported at (a) Darebin Creek, Reservoir, 
(b) Church Lane, Anakie. (c) Mt Buninyong north, (d) Mt Buninyong east 
(a) 
(b) 
(c) 
(d) 
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2.7.3 Assessment of detectable cadmium concentrations 
Cadmium concentrations at or above the limit of reporting of 1 mg/kg were reported at 
12 of the 320 survey locations. Six locations, where detectable Cd occurred, were within sub-
surface soils of Ballarat. To further understand variability in analysis of Cd, samples collected 
from Ballarat (n=75) were re-tested for Cd using ICP-MS, which typically has a lower LOR of 
0.1 mg/kg rather than 1 mg/kg (when using the ICP-AES method). 
The results of the Cd analysis are presented in Table A2, Appendix A. Cadmium 
concentrations at each of the six locations where Cd had been reported at equal or greater than 
1 mg/kg using the ICP-AES method, reported Cd concentrations to be less 1 mg/kg when using 
the more accurate ICP-MS method. The results indicate Cd concentrations reported at or 
marginally above the LOR of 1 mg/kg using ICP-AES may not be reliable.  
Table 2-4 Summary of soil analysis results for ambient background Cd, using ICP MS 
and ICPAES, on selected samples from Ballarat. 
Field ID Underlying 
Geology 
Sample Depth 
(m) 
Cd by ICP-AES 
(mg/kg) 
Cd by ICP-
MS 
(mg/kg) 
BH246/130715/0.35
-0.5 
Basalt 0.35-0.5 1 <1 
BH257/150715/0.35
-0.6 
Basalt 0.35-0.6 1 <0.1 
BH259/150715/0.4-
0.6 
Basalt 0.4-0.6 4 <0.1 
BH261/150715/0.4-
0.6 
Basalt 0.4-0.6 2 <0.1 
BH267/160715/0.45
-0.6 
Basalt 0.45-0.6 3 <0.1 
BH270/160715/0.5-
0.6 
Basalt 0.5-0.6 2 <0.1 
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2.7.4 Evaluation of anomalous Results 
Principal components analysis identified 32 samples as outliers (Figure 2-3). Each outlier was 
reviewed and an individual explanation for each outlier is provided in Appendix B, within 
supplementary material for Chapter 6 (Mikkonen et al. 2018b).  
 
Figure 2-3 Outliers identified by multivariate analysis of key contaminants As, Cu, Co, 
Ni, Pb and Zn (results above the dotted line). Crossed circles indicate samples that were 
removed from the dataset, considered not representative of background. 
Three outliers were attributed to point source contamination BH075, BH288 and 
BH257. In addition, four surface sample outliers (BH058, BH059, BH060 and BH065), that 
reported anomalous Cu concentrations, were considered potentially contaminated by copper 
fungicides used during historical horticultural activities and removed from the Ambient 
Background Soil dataset.  Horticultural impacts, including Cu contamination, can be broadly 
distributed at a local to even regional scale (Wightwick et al. 2012). However, broad 
contamination due to the use of pesticides during horticultural practices is not consistent with 
the definition of ambient background concentration. Hence, samples potentially impacted by 
Cu fungicide use were not included in this assessment.  
The seven outlier samples that were considered not representative of ambient 
background conditions were removed from further statistical analysis. To reduce uncertainty in 
the quality of the dataset, sub-surface soils at each of the 7 locations were also excluded from 
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the dataset.  
The other 25 surface soil samples identified as multivariate outliers (Figure 2-3) were 
considered representative of ambient background concentrations (Chapter 6). These samples 
included areas of low disturbance (such as native forest) that reported elevated Ni, likely 
associated with natural basalt derived soils and soils which comprised elevated As, likely 
associated with ferruginous iron stones (Araújo et al. 2018).  
2.8 Conclusions 
Based on the use of recommend quality control procedures and review of anomalous 
results, the screened soil dataset was considered representative of ambient background soil 
concentrations and suitable for comparison against other national and geochemical soil survey 
datasets.  
Silica gel clean up method did not remove all natural recoverable hydrocarbons, 
particularly where soils were high in organics and or residues from eucalyptus trees. In 
addition, soil samples that were identified as potentially impacted by point source 
contamination, did not include detectable concentrations of TRHs. Therefore, analysis of TRHs 
was not a useful method for identify samples that were potentially contaminated.  
Discriminant analysis was a useful method for identifying samples that were not 
characteristic of inferred parent material (based on geological maps). Chemical variation 
between soils and the inferred parent material was predominantly attributed to the addition of 
alluvial deposits to shallow soils. Based on the high reliability of the discriminant analysis 
results, discriminate analysis may be used to identify the parent material of soils from unknown 
locations, if it is from a similar environment to those collected during this study.  
Principal component analysis was a useful tool for identifying anomalous results 
because it considered multivariate variation within the dataset. Many of the anomalous results 
were considered associated with natural processes or diffuse sources of contamination, 
consistent with the adopted definition of ambient background concentrations. Eight samples 
were identified as likely contaminated from point sources or intensive pesticide use and were 
excluded from the ambient background Survey dataset.  
The quality control measures and rigorous review of survey sample results and has provided 
confidence that the Survey dataset is representative of ambient background conditions. 
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3.1 Preface 
The ambient background soil survey (Chapter 2) included collection of soils from 312 
locations considered representative of ambient background conditions (320 locations in total). 
The coverage of soil samples across the Assessment Area (Figure 2-1) was on average 1 
sample per 16 km2. Where there is limited background soil survey data (as in the Assessment 
Area), open-sources of soil data, such as environmental site assessment reports, may include 
useful soil information, which can be used to provide confidence in results from low resolution 
surveys and support an understanding of soil variability at a local scale (McIlwaine et al. 2014). 
Environmental site assessments are undertaken across the world during the 
investigation, re-development and remediation of land. While environmental site assessments 
are undertaken at potentially contaminated sites, there are a number of samples typically 
collected from areas of the sites that have not been impacted by point source contamination and 
can therefore be considered as representative of ambient background concentrations. 
In order to utilise open-source data for assessment of ambient background conditions, a 
method is required for identification of soil samples representative of ambient background 
concentrations and exclusion of samples impacted by contamination. 
Reported concentrations of Ag, Al, As, Ba, Be, B, Cd, Cr (VI), Cr Total, Co, Cu, F, Fe, 
Hg, Mn, Mo, Ni, Se, Sb, Sn, Sr, Tl, V, Zn were extracted from open-source environmental site 
assessment reports, for soils in the Assessment Area. A manual screening method was 
developed and applied to remove samples that were indicated to be contaminated by point 
sources and hence not representative of ambient background conditions. The manual screening 
approach was validated by comparison to data from the ambient background soil survey 
(Chapter 2), for a sub-set of collated open-source data: As, Mn, Ni, Pb and Zn concentrations in 
soils overlying Quaternary basalt of Greater Melbourne (as described in this Chapter). 
The manual screening process was time consuming and required a detailed 
understanding of the historical activities that occurred at the assessment site including the 
location of potential sources of contamination. It was questioned whether common statistical 
methods for screening contaminated samples from background soil datasets (Matschullat, 
Ottenstein & Reimann 2000; Reimann, Filzmoser & Garrett 2005) could be used rather than 
the manual screening method. The expected upper limit of ambient background concentrations 
derived by the Median plus Two Median Absolute Deviations, the upper whisker of a normal 
and log transformed Tukey boxplot, the point of inflection on a cumulative frequency plot and 
the 95th percentile were compared to the upper limit identified using the manual screening 
method.  
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This chapter highlights that open-source data can be used to support background soil 
survey results and that the both the manual screening method or common statistical screening 
methods may be suitable for excluding contaminated samples from open-source datasets. The 
findings of this Chapter can be applied to other open-source data sets allowing for increased 
use of freely available soil data from environmental assessment sites for the purpose of 
understanding ambient background soil conditions.  
This Chapter has been published in Science of the Total Environment. Supplementary 
Material for this chapter is presented in Appendix B.  
3.2 Publication One 
Mikkonen, HG, Clarke, BO, Dasika, R, Wallis, CJ & Reichman, SM 2017, 'Assessment of 
ambient background concentrations of elements in soil using combined survey and open-source 
data', Science of the Total Environment, vol. 580, pp. 1410-20. 
https://doi.org/10.1016/j.scitotenv.2016.12.106  
3.3 Abstract 
Understanding ambient background concentrations in soil, at a local scale, is an 
essential part of environmental risk assessment. Where high resolution geochemical soil 
surveys have not been undertaken, soil data from alternative sources, such as environmental 
site assessment reports, can be used to support an understanding of ambient background 
conditions. Concentrations of metals/metalloids and fluoride were extracted from open-source 
environmental site assessment reports, for soils derived overlying Tertiary-Quaternary basalt, 
Tertiary sediments and Silurian siltstone and sandstone of Greater Melbourne, Greater 
Geelong, Ballarat and Mitchell in Victoria, Australia. A manual screening method was applied 
to remove samples that were indicated to be contaminated by point sources and hence not 
representative of ambient background conditions. The manual screening approach was 
validated by comparison to data from a targeted background soil survey, for a sub-set of 
collated open-source data: As, Mn, Ni, Pb and Zn concentrations in soils overlying basalt of 
Greater Melbourne. Statistical methods for exclusion of contaminated samples from 
background soil datasets were compared to the manual screening method. The statistical 
methods tested included the Median plus Two Median Absolute Deviations, the upper whisker 
of a normal and log transformed Tukey boxplot, the point of inflection on a cumulative 
frequency plot and the 95th percentile. We have demonstrated that where anomalous sample 
results cannot be screened using site information, the Median plus Two Median Absolute 
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Deviations is a conservative method for derivation of ambient background upper concentration 
limits (i.e. expected maximums). The upper whisker of a boxplot and the point of inflection on 
a cumulative frequency plot, were also considered adequate methods for deriving ambient 
background upper concentration limits, where the percentage of contaminated samples is < 
25%. Median ambient background concentrations of metals/metalloids in the Newer Volcanic 
soils of Melbourne were comparable to ambient background concentrations in Europe and the 
United States, except for Ni, which was naturally enriched in the basalt-derived soils of 
Melbourne. 
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Guidance for land contamination assessment in England (DEFRA,
2012), Finland (Tarvainen and Jarva, 2011), Italy (APAT-ISS, 2006) and
Australia (NEPC, 2013) have been revised to include consideration of
ambient background concentrations in soil, when assessing environ-
mental risk and the need for remediation. Therefore, knowledge of
local soil conditions, including the expected range of background con-
centrations, is now required for undertaking environmental risk
assessments.
Ambient background concentrations of metals andmetalloids in soil
can be highly variable, due to changes in mineral content, climate, land
use, age, soil organisms, vegetation and topography (Jenny, 1941;
Prabhakaran Nair and Cottenie, 1971; Reimann et al., 2009; Reimann
et al., 2015).
Extensive soil surveys have been undertaken in Australia (de Caritat
and Cooper, 2011), Asia (Cheng et al., 2014; Ohta et al., 2005), Europe
(Reimann et al., 2014; Salminen et al., 2004; Tóth et al., 2016) and the
United States of America (Smith et al., 2012), to assist in understanding
the variability of background concentrations ofmetals andmetalloids at
a regional and continental scale (0.5–50 million km2). However, these
surveys typically have a low sample density, insufﬁcient for assessing
local background variability. For example, the National Geochemical
Survey of Australia Project (NGSA) included a sample frequency average
of 1 sample site per 5500 km2 (de Caritat and Cooper, 2011).
The need for local scale (0.5–500 km2) soil knowledge for develop-
ment of environmental policy has been recognized in England, resulting
in the completion of high resolution soil surveys (1 sample site per
2 km2 for rural areas and 4 sample sites per 1 km2 in urban areas).
These surveys have allowed for “normal background conditions”, de-
ﬁned as the 95th upper conﬁdence limit of the 95th percentile of survey
samples, to be estimated for different geological areas and land use do-
mains (Ander et al., 2013). This dataset (Ander et al., 2013) has enabled
environmental assessors to identify whether sites are contaminated
compared to local conditions, assisting informed decisions for soil man-
agement and remediation.
However, undertaking high resolution soil surveys is expensive,
time consuming and often logistically constrained due to land access re-
strictions. Where insufﬁcient background survey results exist (as in
Australia), open-sources of soil data, such as Environmental Site Assess-
ment (ESA) reports, may provide useful soil information, which can be
used to provide conﬁdence in results from low resolution surveys and
support an understanding of soil variability (McIlwaine et al., 2014). En-
vironmental site assessments are undertaken across the world during
the investigation, re-development and remediation of land. While
ESAs are undertaken at potentially contaminated sites, there are a num-
ber of samples typically collected from areas of the sites that have not
been impacted by point source contamination and can therefore be con-
sidered as representative of ambient background concentrations. In
order to utilise open-source data, amethod is required for identiﬁcation
of soil samples representative of ambient background concentrations
and exclusion of samples impacted by contamination.
Several researchers have described statistical approaches for screen-
ing contaminated samples from soil datasets (Matschullat et al., 2000;
Reimann et al., 2005; Rothwell and Cooke, 2015). Typically, statistical
methods identify an upper concentration limit, above which results
are considered “outliers” likely impacted by point source contamination
(Dung et al., 2013; Matschullat et al., 2000; Redon et al., 2013). The sta-
tistically derived upper concentration limit is considered to represent
the expected maximum of background concentrations.To accurately understand background variability, anomalous results,
“outliers”, should be reviewed to identify why each result is elevated;
e.g. is the result elevated due to different parent material, laboratory
error, or contamination? However, as background datasets are typically
large and lacking detailed information on sample history there is often
no validation or knowledge-based assessment of samples statistically
identiﬁed as contaminated. Therefore, the estimated background
upper concentration limit is little more than an artifact of the statistical
method applied.
The accuracy of common statistical methods for derivation of back-
ground upper concentration limits have rarely been validated using
real environmental data, particularly for datasets which include a high
percentage of contaminated samples. Matschullat et al. (2000) assessed
the suitability of three statistical methods for deriving background con-
centrations (the repeated mean plus 2 standard deviation (σ) tech-
nique, the 4 σ outlier test and the calculated distribution function).
Matschullat et al. (2000) concluded that the calculated distribution
function, which involves prediction of the distribution of the upper
50% of results based on the distribution of the lower 50% of results,
and the repeated (iterative)meanplus 2σmethodprovided realistic es-
timates of the range of background concentrations. However, few back-
ground soil surveys have adopted these techniques. Reimann et al.
(2005) discussed the strengths and weaknesses of commonly applied
statistical methods including the mean plus 2 σ. Reimann et al. (2005)
recommended the use of non-parametric methods including the
upper whisker of a Tukey boxplot, the median plus 2 median absolute
deviation and the point of inﬂection on a cumulative frequency plot.
These methods are also described in the International Organisation of
Standardisation guidance on determination of background values (BSI,
2011) and are commonly applied during background geochemical sur-
veys (McIlwaine et al., 2014; Rothwell and Cooke, 2015).
The objectives of this study were to; (i) develop and validate a
framework for collating and screening open-source environmental site
assessment data, for the purpose of assessing local ambient background
concentrations; (ii) use data collated from open-sources to support our
understanding of ambient background concentrations of common con-
taminants As, Mn, Ni, Pb and Zn, in soils derived from Newer Volcanics
(basalt) geology inMelbourne, Australia; and (iii) validate common sta-
tistical methods for screening contaminated samples from soil datasets
for deriving expected maximum background concentrations.
2. Methods
2.1. Deﬁnition of ambient background concentrations
The deﬁnition of ambient background concentrations (ABC) is the
sumof geogenic concentrations plus concentrations fromdiffuse anthro-
pogenic contamination that has been introduced fromnon-point sources
(Panno et al., 2006). However, there is lack of consistency on what con-
stitutes diffuse contamination or a point source. For example, the deﬁni-
tion provided by the International Organisation of Standardisation for
guidance on determination of background values (BSI, 2011), indicates
that application of substances through agricultural practices are consid-
ered background, whereas Australian policy (NEPC, 2013) suggests that
inputs from agricultural activities are not considered background. In the
current study, ambient background concentrations include human con-
tributions of contaminants through diffuse inputs such as atmospheric
deposition of Pb from the broaduse of leaded fuels. However, Pb impacts
directly associatedwith an adjacent road (within 25m)were not consid-
ered representative of ABC. Consistent with background studies
1412 H.G. Mikkonen et al. / Science of the Total Environment 580 (2017) 1410–1420undertaken across Europe, broad application of fertilisers during typical
agricultural practices (excluding horticulture and application of bio-
solids), were considered representative of ABC (Ottesen et al., 2013;
Reimann et al., 2010; Saaltink et al., 2014).
2.2. The study area and scope
The predominant exposed lithologies in Greater Melbourne, Victo-
ria, Australia, include the Brighton Group Tertiary sediments to the
South East, Silurian siltstone and sandstone to the North East and the
Newer Volcanics to the North and West (VandenBerg, 1997). For the
purpose of this research the Study Area was limited to soils overlying
basalt of the Newer Volcanics, in Greater Melbourne, approximate
area of 1700 km2, as deﬁned in Fig. 1. The boundary of Greater Mel-
bourne was deﬁned by the Australian Bureau of Statistics (Pink, 2011).
The extent of the Newer Volcanics was based on the 1:250,000 geolog-
ical survey of Victoria (VandenBerg, 1997).
The Newer Volcanics cover much of western Victoria, forming ﬂat to
undulating basaltic plains (Condon, 1951). The basalt plains include
multiple layers of lava, deposited during the late Tertiary to Quaternary
from eruptions at over 400 volcanic centres (Boyce, 2013). Soils weath-
ered from the Newer Volcanics of Melbourne typically comprise heavy
clays (Swartjes, 2011). Land uses in the Study Area predominantly in-
cluded grazing and urban land uses (BOM, 2016).
The current study included a review of summary statistics for As,
Mn, Ni, Pb and Zn. Lead and Zn were chosen because they are common
contaminants associated with atmospheric deposition (Nicholson et al.,
2003). Arsenic was selected as it is a common contaminant of concern;
however background As concentrations are typically low, resulting in aFig. 1. The Study Area, comprising soils derived from Newhigh percentage of censored results which can complicate statistical
analysis. Nickel was selected because grey literature indicated that Ni
is naturally elevated in soils developed on the Newer Volcanics. Manga-
nese was selected because geogenic concentrations can be highly vari-
able, ranging by an order of magnitude for a single soil unit (Reimann
et al., 2015).
2.3. Collation of open-source soil data
Potential sources of ambient background soil data for the Study Area
were reviewed. A summary of the identiﬁed open-source soil data re-
positories are provided in the Supplementary Information (SI 1).
Criteria were applied to systematically review open-data sources for
suitable background soil information. The criteria were: (i) the dataset
included samples collected from the Study Area; (ii) the data source in-
cluded sample depth, location and chemical results for at least one of
the selected elements of interest (As, Mn, Ni, Pb or Zn); (iii) sampling
techniques were generally consistent with the Australian Standard
“Guide to the investigation and sampling of sites with potentially con-
taminated soil — non-volatile and semi-volatile compounds” (AS
4482.1-2005) (iv) analysis of metals/metalloids was undertaken using
aqua regia digest methods or comparable techniques; and (iv) samples
were representative of natural soil, rather than ﬁll or waste.
In Melbourne, prior to environmental regulation, ﬁll/waste from
gasworks and other historical activities was used to ﬁll low lying areas
of the inner city. Fill soils were not considered representative of back-
ground conditions and were therefore excluded from this assessment.
Soil data presented in ESA reports for audited sites met the above
criteria. The other reviewed open-sources of soil information did noter Volcanics geology of Greater Melbourne, Australia.
1413H.G. Mikkonen et al. / Science of the Total Environment 580 (2017) 1410–1420meet the criteria outlined above andwere therefore not included in this
study (see supplementary information (SI 1) for further information).
Collated soil data were entered into a Microsoft Access database. En-
vironmental data management software Esdat, 4.416, was used for the
storage, categorisation and retrieval of background soil data. Where re-
sults were provided in portable document format (pdf), transcription
errorswereminimized by using a data extraction program, Able2Extract
(Investintech.com Incorporated, Canada), to copy pdf tables into excel
format, prior to importing data into the database.
2.4. Manual screening of contaminated samples from the open-source
dataset
The open-source dataset consisted of natural soil samples collected
from environmental assessment sites. Natural soil samples may contain
point source contamination due to localized atmospheric deposition
(such as from an adjacent smelter), spills, leaching of contaminants
from overlying ﬁll and/or from contact with contaminated surface
water or groundwater. The reviewed ESA reports include descriptions
of the site history; potential contaminants of concern, soil stratigraphy
and ﬁeld observations of indicators of potential contamination. Using
this information it was possible to identify potentially contaminated
samples and exclude these from the dataset.
Individual sample results for each element were interrogated to
identify the presence of point source contamination. Elemental concen-
trationswere separated into statistical domains, grouped by parentma-
terial and sample depth interval and sorted in ascending order. Starting
with the highest concentration, each sample was reviewed for qualita-
tive information that could indicate contamination, including the pres-
ence of a local source of contamination (such as an underground fuel
storage tank), presence of another anthropogenic chemical input, such
as polycyclic aromatic hydrocarbons, and/or visual evidence of contam-
ination, such as black staining, or the presence of anthropogenic waste
(i.e. brick rubble, tar or plastic), (Fig. 2).
Based on the evaluation process (Fig. 2) each sample was catego-
rized as one of the following;
• Representative: no evidence of point source contamination, inferred
to be representative of background concentrations.
• Unreliable: low conﬁdence in the data quality and/or a potential
source of contamination was present.
For each element, sampleswere evaluated in descendingorder of con-
centration until ﬁve consecutive “Representative” samples, considered
representative of background, were identiﬁed. Samples of lower concen-
tration were then all considered to be representative of background con-
centrations. Samples categorized as “Unreliable”, were removed from the
background dataset. Samples considered “Representative” were collated
and are herein referred to as the “manually screened” open-source
dataset.
2.5. Background soil survey-soil sample collection and analysis
A targeted background soil surveywas undertaken in the Study Area
that provided a geochemical benchmark to which the manually
screened open-source data could be compared. Soil samples were col-
lected from 40 locations in the Study Area, mean sample density of 1
sample per 42 km2. At each location, a topsoil sample (0 to 0.1 m) and
sub-soil sample (collected between 0.3 and 0.6 m) was collected using
a hand auger. The sub-soil samples were taken within the 0.3 and
0.6m interval, but were limited to one soil horizon (e.g. where the B ho-
rizon was encountered at 0.4 m, the sample was collected from 0.4 to
0.6 m depth). Where rock was present at b0.3 m below the surface,
sub-surface samples were collected immediately below 0.1m, however
these samples (n = 2) were not included in the statistical assessment
described in the current paper. The surface sample depthwas consistent
with the typical depth interval sampled during environmental siteassessments and the depth of surface samples collected for the NGSA
(de Caritat and Cooper, 2011). The sub-surface depth targeted the B-ho-
rizon, which can be naturally enriched in metals (Wrigley et al., 2006).
To avoid point source contamination, as far as practicable, the soil
survey locations were chosen using the following criteria:
• Minimum of 5 to 8 km downwind from active major industrial con-
tamination point sources e.g. power stations or smelters
• Minimum of 200 m from highways
• Minimum of 25 m from rural roads
• Avoid proximity to road intersections
• Minimum of 100m from buildings (this was not always possible, typ-
ically N50m from building, or clear separationwas present, i.e. a fence
or valley)
• Minimum of 50 m from the end rows or other areas where large
amounts of fertilizer may have been deposited in agricultural sites
• Avoid atypical landscapes (such as hill crests), or excessively dis-
turbed areas, such as mine dumps, landﬁlls and construction sites.
These criteria are generally consistent with the procedures recom-
mended by the International Geological Correlation Program (Darnley,
1995).
Samples were assessed for pseudo total Al, As, Mn, Ni, Pb, Ti and Zn
concentrations, by inductively coupled plasma atomic emission spec-
troscopy following an aqua regia digest; HCl:HNO3 (10:4) at 95 °C for
30 min, followed by addition of hydrogen peroxide and heating for a
further 30 min. Aqua regia was chosen for measuring pseudo- total
metal concentrations because it is the standard method used in envi-
ronmental assessment in Australia (NEPC, 2013) and internationally,
e.g. the British Standard Institution (BSI, 1995), and thus produces re-
sults comparable to those collected by the environmental assessment
industry.
Survey samples that reported elevated concentrations of As, Mn, Ni,
Pb and Zn were manually screened using the same method applied to
the open-source dataset (Fig. 2). All elevated results from the soil survey
passed the manual screening and were considered representative of
background, herein referred to as the “survey data”.
2.6. Comparison of themanually screened open source data against the sur-
vey data
Statistical comparison of the manually screened dataset with the
survey data was undertaken to assess if the manual screening method
had adequately removed samples impacted by point source contamina-
tion. The comparison was undertaken with particular emphasis of
whether element concentrations in the manually screened dataset,
which originated frompotentially contaminated sites, were comparable
to the survey samples which were deliberately collected from areas of
low likelihood of contamination (i.e. located away from roads and build-
ings). Comparison of the distribution of the survey data and the manu-
ally screened data were undertaken using the Generalised Wilcoxon
(GW) score test, using Minitab macro “GW.mac” (Helsel, 2012). The
null hypothesis, that the median of the two datasets were the same,
was assessed at a statistical signiﬁcance level of 0.05. The GWmethod
was chosen because it does not require assumptions to be made for re-
sults reported below the limit of reporting (LOR). For Mn datasets,
where no results were below the LOR, the Kruskal and Wallis test was
used rather than the GWmethod.
2.7. Validation of statistical methods for exclusion of contaminated samples
against the manually screened open-source dataset
The background upper concentration limit was calculated using ﬁve
commonly recommended statistical methods for the removal of results
likely representative of contamination: (i) use of the point of inﬂection
on a cumulative frequency plot (CFP), (ii) the Median plus two times
theMedian Absolute Deviation (Med+ 2MAD); (iii) the upper whisker
Fig. 2. Summary of the process applied for evaluation of elevated element concentrations, for open-source soil data.
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after logarithm transformation and (v) the 95th percentile. These
methods are described in more detail by Reimann et al. (2005) and
Matschullat et al. (2000). To ascertain which statistical method best ex-
cluded samples identiﬁed as contaminated through themanual screen-
ing process, the upper concentration limit calculated by each of the
statistical methods for each element was compared to the maximum
concentration of the manually screened dataset.
Prior to analysis, the distribution of soil data for each element was
assessed against normal, lognormal,Weibull and loglogistic distribution
using the censqqmacro (Helsel, 2012) in the statistical packageMinitab
17 (Minitab, 2010). The censsqq method was used because it allows for
the assessment of data distribution on datasets that include censored re-
sults. The Anderson Darling test statistic was used to compare howwell
the data met each distribution (Stephens, 1974); the lower the Ander-
son Darling test statistic the better the data ﬁts the selected distribution.
2.8. Derivation of background summary statistics for Newer Volcanic soils
of Greater Melbourne
Summary statistics for the combined background dataset (the man-
ually screened open-source data and survey data), were derived for sur-
face (0 to 0.1 m) samples and sub-surface (0.3–0.6 m) samples in the
Study Area. Summary statistics were calculated using the “doBy”,
“STatDa” and “gdata” libraries, with R statistical software, freely avail-
able at http://cran.r-project.org/.
Where results were reported below the LOR, substitution of half the
LOR was adopted for calculation of summary statistics. Although some
authors have criticized the use of substitution methods such as halfthe LOR (Helsel, 2012), Antweiler and Taylor (2008) compared the ac-
curacy of a range of methods for managing censored results on an ex-
tensive range of environmental datasets and concluded that for the
purpose of calculation of summary statistics, substitution of half the
LOR was comparable to other non-parametric methods. A comparison
of common censoring methods for derivation of the geometric mean,
using data from this work, found similar results to Antweiler and
Taylor (2008), data not presented.
Mean enrichment of element concentrations in surface soils com-
pared to sub-surface soils, was calculated by dividing the mean surface
soil concentration by the mean sub-surface soil concentration for each
element.
In order to enable further interpretation of drivers of surface enrich-
ment, normalised enrichment factors (Norm EFs) for surface soils at
each individual sample location was determined, including normalisa-
tion with Al, to account for increases in metal concentrations due to in-
creased clay content, Eq. (1).
Norm EF ¼ ð Element½ S= Al½ SÞ=ð Element½ SS= Al½ SSÞ ð1Þ
where [Element] is the concentration of the element in the soil sample,
[Al] is the concentration of the Al in the soil sample, subscript S refers to
surface sample and subscript SS refers to the sub-surface sample (Blaser
et al., 2000; Hernandez et al., 2003, Zoller et al., 1974, Duce et al., 1975).
Sterckeman et al. (2006) showed that normalization with Al provid-
ed reasonable estimation of the pedo-geochemical background variabil-
ity. However, Reimann et al. (2005) showed that the choice of element
utilized for normalisation of enrichment factors can cause conﬂicting re-
sults, particularly when assessing organic rich soils. In order, to assess
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malisation with Ti, which is more immobile than Al (Reynders, 1964),
was also undertaken, to assess if consistent enrichment trendswere ob-
served. In the context of this study, enrichment factors were not used to
prove anthropogenic contamination.
Calculation of the Norm EF was not possible for data from the man-
ually screened dataset as not all samples included collection of both sur-
face and sub-surface samples nor did all samples include analysis of Al
or Ti.
3. Results and discussion
3.1. Collation of open-source soil data
Environmental site assessment reports from 122 individual sites
within the Study Areawere reviewed. Seventy-six of the environmental
site assessment reports included surface and/or sub-surface samples of
soils claimed to be representative of natural soil with analytical results
for at least one of As, Mn, Ni, Pb or Zn (Table 1). A total of 268 surface
(0–0.1 m) and 569 sub-surface samples (0.3–0.6 m) were collated
from the environmental site assessment reports. The count of results
collated for each element is presented in Table 1. The count of results
varied for different elements because samples were not assessed for a
consistent suite of analytes, for example 268 surface samples were
assessed for As, Ni, Pb and Zn, whereas only 42 of the natural surface
samples were assessed for Mn, which is a less common contaminant
of interest (Table 1).
Approximately 50% more sub-surface samples were collated than
surface samples. The difference in the number of background surface
and sub-surface sampleswas due to the broad presence of ﬁll at the sur-
face of many environmental assessment sites. Fill samples were exclud-
ed from the background dataset.
3.2. Manual screening of contaminated samples from the open-source
database
Manual screening of elevated results from the open-source dataset
resulted in removal of 27% of surface samples and 22% for sub-surface
samples (Table 1). Point source contamination by Pb and/or Zn was
the most common cause for removal of samples from the background
dataset. Point sources of Pb contamination in the urban environment
are common due to the use of Pb in paint, batteries, pipes, solder, am-
munition and fuel (Laidlaw et al., 2014). Fuel can result in point source
Pb contamination via spills and leaks. Similarly, sources of Zn contami-
nation to soils are frequent in urban and industrial environments, in-
cluding use in galvanized steel, paints, wood preservatives, fertilisers
and pesticides (Nicholson et al., 2003). Given the dataset was collated
from sites requiring environmental audit (often due to historical indus-
trial activities) the high percentage of samples identiﬁed as contaminat-
ed was not surprising and highlights the importance of the manual
screening process.Table 1
Number of results for natural soil samples collated from multiple ESA reports within the
Study Area, prior to screening (open-source dataset) and post manual screening of con-
taminated samples (manually screened dataset).
Element Depth interval (m) Open-source (n) Manually screened (n)
As 0–0.1 268 194
As 0.3–0.6 513 395
Mn 0–0.1 42 27
Mn 0.3–0.6 92 58
Ni 0–0.1 268 194
Ni 0.3–0.6 536 429
Pb 0–0.1 259 185
Pb 0.3–0.6 528 406
Zn 0–0.1 268 194
Zn 0.3–0.6 535 4163.3. Review of data distribution
An assessment of data distribution was made prior to further statis-
tical analysis of the manually screened data. The distributions of the
data differed across elements (Table 2).
The element distributions were consistent with an increasing body
of evidence suggesting that geochemical data do not often ﬁt the default
assumptions of normal or log-normal distribution (Reimann and
Filzmoser, 2000). Therefore, data distribution should be determined
for individual datasets or statistical methods that are least inﬂuenced
by data distribution (i.e. non-parametric methods) should be used.
3.4. Validation of the open-source data using survey data
To verify that themanual screening process adequately removed po-
tentially contaminated samples from theopen-source dataset, the distri-
bution (Fig. 3) of concentrations of As, Mn, Ni, Pb, Zn of the manually
screened open-source and survey datasets were compared (Table 3).
The GW test indicated that there was no signiﬁcant difference
(P N 0.05) between As, Pb, or Zn concentrations for the manually
screened dataset compared to the survey data (Table 4). However, the
Ni and Mn concentrations in sub-surface soils of survey samples were
signiﬁcantly different (P b 0.05) from the manually screened dataset.
In addition, visual comparison of Ni and Mn concentrations in surface
soil indicates that although the medians of the datasets were similar,
the distribution of results is not equal. For both Ni and Mn, the survey
samples were positively skewed (greater number of samples with
high concentrations), compared to the manually screened dataset. The
difference in Ni and Mn concentrations may have been a result of sam-
pling methodology differences. Although the manually screened data
and survey data both included samples collectedwithin the depth inter-
val of 0.3 to 0.6 m below ground level, the survey samples were collect-
ed from a discrete interval within this depth range, targeting one soil
horizon, typically the B horizon. Samples from the manually screened
data were typically collected without consideration of soil horizon,
and therefore may have include material associated with the A horizon
or both A and B horizons.Manganese andNi can accumulate in the B ho-
rizon of soils, due to leaching from the overlying A horizon, particularly
in acidic conditions (Elias et al., 1981; Haque et al., 2015). During collec-
tion of survey samples, iron-manganese nodules were observed in the
B-horizon of soils at some locations, further indicating accumulation
and enrichment of metals in the B-horizon. As such, it was decided
that the greater concentrations of Ni and Mn in the survey data com-
pared to the open-source data was not due to contamination and that
the data was representative of ambient background concentrations in
sub-surface soils. Therefore, following manual screening it was consid-
ered that information from open-source ESA reports could be utilised
for assessment of ambient background concentrations.
3.5. Comparison of statistical methods for exclusion of contaminated sam-
ples with the manually screened dataset
Upper concentration limits of As,Mn,Ni, Pb and Znwere determined
using ﬁve statistical methods for removing ‘outliers’ consideredTable 2
Anderson Darling test statistic for manually screened open-source surface samples, under
weibull, lognormal, loglogistic and normal distribution. The lowest Anderson Darling val-
ue is highlighted bold, to indicate the distribution of best ﬁt.
Element Anderson Darling test statistic
Normal Lognormal Loglogistic Weibull
As 24.23 18.50 15.47 20.64
Mn 0.98 1.75 1.72 1.12
Ni 1.44 0.62 0.82 0.59
Pb 3.83 0.52 0.74 0.91
Zn 7.75 0.39 0.51 5.27
Fig. 3. Cumulative frequency plots for As, Mn, Ni, Pb and Zn concentrations for the survey and manually screened datasets, for surface soils (0 to 0.1 m) and sub-surface soils (collected
within 0.3 to 0.6 m), of the Newer Volcanics of Greater Melbourne, Australia. Plots for As, Ni, Pb and Zn presented on logged scale. Vertical sections of plots indicate where results have
been substituted for half the limit of reporting.
Table 3
Generalised Wilcoxon (GW) P-value results for manually screened data and survey data,
for soils derived from the Newer Volcanics of Greater Melbourne, Australia.
Element Depth (m) GW P value
As 0–0.1 0.59
As 0.3–0.6 0.83
Pb 0–0.1 0.26
Pb 0.3–0.6 0.24
Mna 0–0.1 0.43
Mna 0.3–0.6 0.02
Ni 0–0.1 0.13
Ni 0.3–0.6 0.00
Zn 0–0.1 0.24
Zn 0.3–0.6 0.09
Signiﬁcant results (P b 0.05) shown in Bold
a Kruskal and Wallis test was used rather than GW because no censored data were
present in the Mn datasets.
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compared to the maximums of the original unscreened open-source
dataset and the manually screened dataset (Table 4).
The estimated ambient backgroundupper concentration limit varied
between statistical methods and elements. The percentage differences
between the maximum of the manually screened dataset (considered
to be the control) and the calculated upper concentration limits are
presented in Table 4.The upper concentration limit estimated by
the Med + 2MAD method, were 1 to 49% lower than the maximum
background concentration of the manually screened dataset. There-
fore the Med + 2MADmethod was conservative and likely to under-
estimate maximum ambient background concentrations. These
ﬁndings are consistent with (Reimann et al., 2005) who suggested
that the Med + 2MAD method is likely to underestimate the upper
concentration limit, where datasets include b20% contaminated re-
sults. The UW of a log transformed boxplot overestimated maximum
ambient background concentrations, when compared to themanual-
ly screened dataset by 30% to 200%. For Mn concentrations, which
were found to be normally distributed (Table 2), log transformation
Table 4
Comparison of the maximum background concentration of the manually screened dataset with the maximum of the unscreened (open-source) dataset and upper concentration limits
derived by the Median plus 2 Median Absolute Deviations (Med +2MAD), the upper whisker (UW) of a normally distributed boxplot and a log transformed (Ln) boxplot, the point of
inﬂection on a cumulative frequency plot (CFP) and the 95th percentile, for surface soils (0 to 0.1 m) of the Study Area (n= 194). The percentage difference is shown in the parentheses.a
Method Upper concentration limit
Asb Mn Ni Pb Zn
Manually screened (max) 11 620 62 77 140
Open source (max) 21 (+91%) 820 (+32%) 81 (+31%) 1100 (+1329%) 7200 (+5043%)
Med + 2MAD – 612 (−1%) 42 (−32%) 42 (−45%) 72 (−49%)
UW of boxplot – 710 (+15%) 51 (−18%) 55 (−29%) 140 (0%)
UW of Ln boxplot – 820 (+32%) 81 (+31%) 120 (+56%) 420 (+200%)
CFP 7 (−36%) 620 (0%) 43 (−31%) 64 (−17%) 154 (+10%)
95th percentile 10 (−10%) 710 (+15%) 42 (−32%) 97 (+26%) 1121 (+701%)
a A positive percentage difference indicates that this method over estimates the maximum background concentrations, whereas a negative percentage difference indicates an
underestimation.
b The Med + 2MAD and UW of the normal or Ln boxplot could not be calculated for As, because N75% of the results were censored.
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taminated; the upper limit of the log transformed boxplot was equal
to the maximum of the unscreened dataset. These results highlight
that errors in statistical interpretation can occur if the common assump-
tion of environmental data being log normally distributed (Aide, 2005;
Anderson and Kravitz, 2010; Hamon et al., 2004; Olszowy et al., 1995) is
applied. The upper concentration limits derived from the observed
point of inﬂection on a CFP and UW of a boxplot (normal distribution)
were comparable (within 31%) to the maximum of the manually
screened dataset. However, selection of the point of inﬂection was sub-
jective. As the UWof a boxplot is based on the 75th percentile (Q3) plus
1.5 × Inter-Quartile Range (Q3-Q1), this method will become more in-
accurate (likely to overestimate ABC) when the percentage of contam-
ination of the speciﬁed element exceeds 25%. For this dataset, 27%
percent of surface samples were identiﬁed as contaminated. However,
samples were not consistently contaminated with the same element,
meaning typically b25% of samples were contaminated speciﬁcally
with each element.
Where contamination is present in N5% of the samples, the 95th per-
centile method can over estimate background upper concentration
limits, as shown for Zn, where the 95th percentile of the open-source
dataset (1121 mg/kg) was over 8 times the maximum of the manually
screened dataset of 140mg/kg. Therefore, application of rigid statistical
methods that assume only a small percentage of results are to be re-
moved, such as the use of the 95th percentile, the 98th percentile, or
the 95th upper conﬁdence limit of the 95th percentile (Ander et al.,
2013), are not suitable for open-source datasets compiled from poten-
tially contaminated sites.
The percentage difference was used as a measure of error, however
as the difference was dependent on the maximum of the manually
screened data being a true representation of themaximum background
concentration, thepercentages shown (Table 4) provide an indication of
the potential magnitude of error between different methods only; per-
centage differences would change for different datasets.
Due to variability in background conditions, an exceedance of the
maximum of the manually screened dataset, would not conclude that
the soil is contaminated from a point source, rather it would indicate
that the result is not within the typical background range and therefore
requires further consideration to conﬁrm if the elevated result is due to
the presence of contamination,mineralisation or, analytical or reporting
error.
The ﬁndings of the current assessment suggest that when manual
screening or other data interrogation approaches (e.g. multivariate
analysis), are not practicable we suggest the use of the Med + 2MAD
as a conservative method for deriving background upper concentration
limits. The UWof a boxplot and the point of inﬂection on a CFP plot, are
also considered adequate methods. However, the UW of a boxplot, will
become less conservativewhen the expectedpercentage of contaminat-
ed samples is high (N25%).3.6. Background concentrations of As, Mn, Ni, Pb and Zn
Given the manually screened dataset and the survey data were both
considered representative of ambient background concentrations, the
datasets were combined for derivation of summary statistics (Table 5).
The maximum background concentrations, reported in Table 5 in-
clude anomalous concentrations (results above the upper whisker of a
boxplot) where no point source of contamination was identiﬁed. It
could not be conﬁrmed if the elevated results were due to an unidenti-
ﬁed source of contamination or natural enrichment. Therefore, caution
should be taken when applying maximum concentrations from back-
ground survey datasets for the development of screening criteria. Guid-
ance for derivation of screening criteria from background survey data
typically recommend not to use the maximum but rather more conser-
vative values, such as the 95th percentile (BSI, 2011).
The mean enrichment for all data and mean Norm EFs for survey
data are presented in Table 5. The Norm EF for each surface survey sam-
ple is presented in the supplementary information (SI2). It was not pos-
sible to conﬁdently derive Norm EFs for As due to the high proportion of
results (81%) less than the LOR. Trends of enrichment were consistent
for Al and Ti normalised results (SI2).
Surface soils in the Study Area were enriched in Pb NMn N Zn (Table
5).Mean Pb concentrationswere almost 2 times that of subsurface soils.
Ambient background concentrations of metals can become enriched in
surface soils due to diffuse atmospheric deposition of contaminants
(Boutron et al., 1994) and the broad application of fertilisers or soil
amendments (Jiao et al., 2012). Enrichment can also occur in surface
soils due to natural processes including nutrient cycling from vegetation
particularly for elements essential to plant growth, such as Cu and Zn,
(Blaser et al., 2000) and from natural atmospheric deposition and relo-
cation of soil particulates, such as from sea spray or volcanic activity.
Sources of enrichment ofmetals/metalloids in soils of the Study Area
are discussed in the following sections.3.6.1. Lead
Enrichment of Pb has been reported in surface soils (Hernandez et al.,
2003; Steinnes et al., 2005), snow (Planchon et al., 2003), ice cores
(Eichler et al., 2012), tree rings (Zuna et al., 2011) and peat bogs
(Martinex-Cortizas et al., 2002; Shotyk et al., 2002). These studies cited at-
mospheric deposition of anthropogenic Pb associated withmining, burn-
ing of coal and/or the historic use of Pb in tetraethyl additives in fuel, as
the predominant source of Pb enrichment. However, the magnitude of
Pb enrichment from anthropogenic contamination in different media
and different areas of the world is highly variable. For example peak con-
centrations of anthropogenic Pb in snow in Greenland were b0.1 mg/kg
(Rosman et al., 1993); anthropogenic Pb added to remote sediments in
Australia have been estimated to be approximately 5 mg/kg (Marx et
al., 2016); and anthropogenic Pb measured in peat cores of Canada was
Table 5
Summary statistics for pooled background As, Mn, Ni, Pb and Zn concentrations (mg/kg) for soils developed on Newer Volcanic geology of Greater Melbourne, Australia.
Element Depth Count Min Median GeoMean Mean Stdev 75th 95th Max Mean enrichment Norm EFa HIL A
As 0–0.1 234 b5 b5 b5 b5 b5 b5 6 11 – – 100
As 0.3–0.6 431 b5 b5 b5 b5 b5 b5 6 18 100
Mn 0–0.1 67 11 377 291 403 258 573 809 1260 1.5 3.2 3800
Mn 0.3–0.6 94 3 210 152 274 238 450 670 871 3800
Ni 0–0.1 233 2 21 20 24 17 29 52 148 0.8 1.0 400
Ni 0.3–0.6 456 1 24 24 31 23 38 76 170 400
Pb 0–0.1 225 3 15 14 18 14 22 45 93 1.9 4.0 300
Pb 0.3–0.6 442 3 9 8 10 6 13 20 39 300
Zn 0–0.1 233 5 26 27 33 25 38 83 140 1.6 2.7 7400
Zn 0.3–0.6 452 2 16 16 20 14 25 52 97 7400
Minimum (min), geometric mean (Geomean), standard deviation (Stdev), 75th percentile (75th), 95th percentile (95th), maximum (max) and 95th percentiles, normalised enrichment
factor (Norm EF), NEPM Human Health Investigation Level for residential land use (HILA A), (NEPC, 2013).
a Norm EF calculated for survey samples only.
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Pb enrichment in the surface soil in the current study was due to diffuse
anthropogenic sources as the Study Area was within an urban area.
Reimann et al. (2011), has shown that in remote areas, natural pro-
cesses are the predominant cause of surface enrichment of Pb. Reimann
et al. (2011) suggested that Pb enrichment in surface soils, particularly
in remote forested areas, is largely a result of nutrient cycling by plants,
whereby surface soils have become enriched in Pb due to accumulation
and concentration of Pb in organic matter from leaf litter. Surface soil
samples assessed in Greater Melbourne were collected from the A hori-
zon. The role of translocation of Pb from subsoils to surface soils by
plants in Victoria, where many native plants are not deciduous and
soil O horizons are limited or not present at all, due to warm climates
and low rainfall, has not been quantiﬁed.
The reported median Pb concentrations in surface soils of the Study
Area (15 mg/kg) were equal to median Pb concentrations in soil (0–
0.15 m) from front gardens of new suburbs of Melbourne (developed
post 1995)with low trafﬁc (Olszowy et al., 1995), and comparable to es-
timates of background Pb in the Sydney estuary catchment, Australia
(16 mg/kg) (Birch et al., 2011).
On a regional scale, the median Pb concentration in surface soils
(15 mg/kg) were signiﬁcantly greater (P = 0.001) than median Pb
(12 mg/kg) in surface soils collected across Victoria (n= 51) as report-
ed by the NGSA (data available at http://www.ga.gov.au/about/
projects/minerals/concluded/national-geochemical-survey). Higher Pb
concentrations in soils of Greater Melbourne compared to soils of re-
gional Victoria, is consistent with studies of surface Pb in Sydney
(Birch et al., 2011) andNewOrleans (Mielke, 1994)which reveal diffuse
enrichment of Pb around metropolitan areas.
Median sub-surface Pb in Greater Melbourne (9mg/kg)was not sig-
niﬁcantly different (P= 0.43) to median Pb (11 mg/kg) concentrations
in sub-surface soils collected across Victoria for the NGSA. However, the
depth of sub-surface samples collected during the NGSAwas from 0.6 to
0.8 m, immediately below the depth sampled during this work. In addi-
tion, median Pb concentrations in the Study Area were equal to median
Pb reported by the Forum of European Geological Surveys (FOREGs),
publically available at http://www.gtk.ﬁ/publ/foregsatlas/ (for soil 0 to
0.2 m), and only 1mg/kgmore than the geometric mean of background
soils reported in the United States of America (14mg/kg in soils collect-
ed at 0.2 m) (Shacklette and Boerngen, 1984).
Although collected across different depth intervals, the similarity of
median background Pb concentrations between local soils derived
from basalt and international studies is surprising. Further research
into sources of surface Pb enrichment in Australian soils is required to
quantify the inﬂuence of nutrient cycling and anthropogenic inputs of
Pb to surface soils.
3.6.2. Zinc
Enrichment of Zn in surface soils of the Study Area, compared to sub-
surface soils (meannormalised EF of 2.7)was likely due to addeddiffusecontamination from atmospheric deposition, application of fertilisers,
including as an impurity of super-phosphate (Riley et al., 1992) and nu-
trient cycling by vegetation (Blaser et al., 2000, Reimann et al., 2011). As
sample sites were deliberately located N25 m from roads and N200 m
from highways, it is unlikely that Zn enrichment was associated with
run off from roads, which has been reported to be the most common
source of Zn contamination in urban surface soils (Birch et al., 2011).
An inventory of sources of Zn added to agricultural soils of England
and Wales found that Zn enrichment was predominantly due to addi-
tions from atmospheric deposition from multiple sources N application
of livestock manures N application of sewage sludge N application of
phosphate fertilisers (Nicholson et al., 2003). The survey sites in the
Study Area were generally from parks, recreational open spaces and ag-
ricultural land used for grazing. Therefore, we consider that Zn enrich-
ment at the soil surface is likely due to nutrient cycling by plants
(Reimann et al., 2015), diffuse atmospheric deposition (including depo-
sition of urban dust) and application of phosphate fertilisers.
3.6.3. Manganese
Comparison of mean Mn concentrations in surface soils and sub-
soils indicated overall enrichment in the surface (mean enrichment of
1.5). However, review of normalised EFs for individual results showed
high variability on a location by location basis. Normalised EFs ranged
from 0.1 to 25.8, with a mean of 3.3 (SI2), indicating inconsistency of
sources and/or behaviour of Mn in surface soils across the Study Area.
There are a number of possible sources of diffuse Mn contamination, in-
cluding emissions from steel and iron foundries and coal combustion,
which could cause diffuse anthropogenic enrichment of Mn in urban
surface soils (Luo et al., 2015). However, few studies have quantiﬁeddif-
fuse atmospheric additions ofMn to soil; Herndon et al. (2011) reported
that N50% of Mn in surface soils of Pennsylvania originated from atmo-
spheric deposition from anthropogenic sources, including local inﬂu-
ence from the iron industry and Luo et al. (2015)suggested that 80% of
Mn variation in surface soils (0 to 0.05 m) of an urban area, of coastal
south east China, was due to coal combustion. Dust storms have been
reported as a natural source of Mn to soils of Eastern Australia
(Gunawardena et al., 2013). Manganese is susceptible to mobilisation
and leaching in acidic and/or reducing soil conditions (Carter et al.,
2015). Therefore, differences in soil chemistry may have resulted in in-
creased Mn depletion in some areas, compared to others. Further as-
sessment would be required to verify sources of diffuse Mn inputs to
the environment and quantify anthropogenic inﬂuence on background
concentrations of Mn in the Study Area.
3.6.4. Arsenic
Median As concentrations in the Newer Volcanic soils were low
(below the LOR of 5 mg/kg), as expected in soils derived from basalt
(Koljonen, 1992). Given the low number of results greater than the
LOR (b20%), enrichment factors for As were not calculated.
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Mean Ni concentrations in the Study Area were greater in sub-sur-
face soils compared to surface soils (mean EF of 0.78). The Norm EF
for Ni in survey samples was 1 when normalised using Al and 0.7
when normalised using Ti, indicating that Ni concentrations in the
Study Area are likely driven by soil texture and parent material, rather
than anthropogenic contamination (Blaser et al., 2000; Bourennane et
al., 2010).
Median surface Ni concentrations (21mg/kg) in the StudyAreawere
not signiﬁcantly different (P = 0.34) to regional Ni (14 mg/kg) in sur-
face soils (NGSA). However, the sub-soils were signiﬁcantly enriched
with Ni (median of 24 mg/kg) compared to regional sub-soils (median
15 mg/kg).
Nickel enrichment is common in soils derived frombasalt, such as the
Newer Volcanic geology in Greater Melbourne, Australia. For example,
the maximum Ni concentrations reported in the surface (148 mg/kg)
and sub-surface soils of the current study (170mg/kg)were comparable
to mean Ni concentrations in gabbro basalt of Finland (130 mg/kg) and
mean Ni concentrations in ocean ridge basalt (140 mg/kg) (Koljonen,
1992). The Newer Volcanics geology includes olivine and pyroxene ba-
salts and olivine and iddingsite basalts (Condon, 1951). Maﬁc minerals
such as olivine can yield up to 0.38% (3800 mg/kg) Ni (Simkin and
Smith, 1970) providing a source of geogenic Ni enrichment in soils de-
rived from the Newer Volcanics. Therefore, enrichment of Ni in soils of
the Study Area compared to international background Ni concentrations
is likely to be due to the mineralogy of the basalt derived soils.
3.7. Comparison to human health investigation levels
The reported range of ABCwerewell below the Australian screening
criteria for protection of human health in low density residential envi-
ronments, Table 5 (NEPC, 2013). However, recent research suggests
that even low additions of Pb to soils may cause impacts to human
health (Lanphear et al., 2005). Uncertainty around acceptable concen-
trations of Pb has resulted in Norway remediating accessible soils at
childcare centres to b100 mg/kg Pb (one third of the Australian HIL A
criteria of 300 mg/kg) (Ottesen et al., 2008). Maximum background
concentrations of Pb in the Study Area were below 100 mg/kg.
This study did not include assessment of “baseline” soils withinMel-
bourne. It is likely that soils associated with ﬁll or soils in close proxim-
ity to roads and buildings (particularly old roads or houses), are likely to
have concentrations of Pb and Zn much higher than the ABC reported
here (Birch et al., 2011). Therefore, the results presented here are not
representative of soils which people are most frequently exposed to in
Greater Melbourne (i.e. garden soils adjacent to their house or roadside
soils). Rather, the results of this study provide an understanding of the
ambient background conditions, which can be used to quantify added
contamination from point sources to the environment.
4. Conclusions
A framework for collating and screening open-source environmental
site assessment data, for the purpose of assessing local ambient back-
ground concentrations was developed. The methods outlined here
have demonstrated that where sufﬁcient sample information is avail-
able, open-source soil data can be successfully screened and used in
merged datasets, to assess ABC of elements in soils. The concentrations
of As, Mn, Ni, Pb and Zn in the Study Area, were consistent with our un-
derstanding of contaminant loading from diffuse sources and nutrient
cycling and are considered representative of expected background con-
ditions for soils derived from basalt. However, due to high variability in
background conditions, an exceedance of themaximum reported range
of background concentrations presented here, does not prove that the
soil is contaminated from a point source, rather it would indicate that
the result is notwithin the typical range of backgroundand therefore re-
quires further consideration to conﬁrm if the elevated result is due tothe presence of contamination, natural enrichment, analytical error
and/or reporting error.Acknowledgements
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4.1 Preface 
The Survey data (Chapter 2) and screened open-source soil dataset (Chapter 3) 
included results below the LOR that are referred to as “censored” results. Statistical methods 
for interpretation of environmental data (viz., geometric mean) cannot be undertaken without 
making an assumption about the censored values.  
Researchers have developed and evaluated many different statistical approaches for the 
management of censored results (Cohen 1957; Ganser & Hewett 2010; Gilbert 1987; Peto & 
Peto 1972). However, the preferred approach differs between disciplines and may be 
influenced by the statistical method being conducted (Helsel 2010).  
In order to identify which censored data management method was most suitable for 
deriving summary statistics for the ambient background soil datasets, a range of different 
methods for managing censored results were applied to four subsets of the background soil 
dataset, at three levels of simulated censorship. The methods assessed included removal of 
censored results, substitution of a fixed value (near zero, half the limit of reporting and the limit 
of reporting), substitution by nearest neighbour imputation, maximum likelihood estimation, 
regression on order substitution and Kaplan-Meier/survival analysis. The data subsets used for 
this assessment were Mn and Zn concentrations in surface soils (0.0-0.1 m) overlying the 
Tertiary-Quaternary basalts of greater Melbourne, collated from Open-Source data (Chapter 3) 
and Survey data (Chapter 2).  
The results of this study show that, for describing the geometric mean, the simple 
method of substitution of half the limit of reporting is comparable or more accurate than 
alternative censored data management methods, including nearest neighbour imputation 
methods, which is becoming increasingly used for interpretation of soil survey results (de 
Caritat & Cooper 2011). 
This Chapter has been published by Chemosphere. Supplementary Material for this 
chapter is presented in Appendix B. 
4.2 Publication Two 
Mikkonen, HG, Clarke, BO, Dasika, R, Wallis, CJ & Reichman, SM 2018, 'Evaluation of 
methods for managing censored results when calculating the geometric mean', Chemosphere, 
vol. 191, pp. 412-6. https://doi.org/10.1016/j.chemosphere.2017.10.038. 
4.3 Abstract 
Currently, there are conflicting views on the best statistical methods for managing 
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censored environmental data. The method commonly applied by environmental science 
researchers and professionals is to substitute half the limit of reporting for derivation of 
summary statistics. This approach has been criticised by some researchers, raising questions 
around the interpretation of historical scientific data. This study evaluated four complete soil 
datasets, at three levels of simulated censorship, to test the accuracy of a range of censored data 
management methods for calculation of the geometric mean. The methods assessed included 
removal of censored results, substitution of a fixed value (near zero, half the limit of reporting 
and the limit of reporting), substitution by nearest neighbour imputation, maximum likelihood 
estimation, regression on order substitution and Kaplan-Meier/survival analysis. This is the 
first time such a comprehensive range of censored data management methods have been 
applied to assess the accuracy of calculation of the geometric mean. The results of this study 
show that, for describing the geometric mean, the simple method of substitution of half the 
limit of reporting is comparable or more accurate than alternative censored data management 
methods, including nearest neighbour imputation methods. 
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Currently, there are conﬂicting views on the best statistical methods for managing censored environ-
mental data. The method commonly applied by environmental science researchers and professionals is
to substitute half the limit of reporting for derivation of summary statistics. This approach has been
criticised by some researchers, raising questions around the interpretation of historical scientiﬁc data.
This study evaluated four complete soil datasets, at three levels of simulated censorship, to test the
accuracy of a range of censored data management methods for calculation of the geometric mean. The
methods assessed included removal of censored results, substitution of a ﬁxed value (near zero, half the
limit of reporting and the limit of reporting), substitution by nearest neighbour imputation, maximum
likelihood estimation, regression on order substitution and Kaplan-Meier/survival analysis. This is the
ﬁrst time such a comprehensive range of censored data management methods have been applied to
assess the accuracy of calculation of the geometric mean. The results of this study show that, for
describing the geometric mean, the simple method of substitution of half the limit of reporting is
comparable or more accurate than alternative censored data management methods, including nearest
neighbour imputation methods.
© 2017 Elsevier Ltd. All rights reserved.IT University, GPO Box 2476,
Reichman).1. Introduction
Environmental datasets often include results below the limit of
reporting (LOR) that are referred to as “censored” results.
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environmental data (viz., geometric mean) cannot be undertaken
without making an assumption about the censored values. Over the
last 60 years researchers have developed and evaluated many
different statistical approaches for the management of censored
results (Cohen, 1957; Peto and Peto,1972; Gilbert, 1987; Ganser and
Hewett, 2010), with the preferred approach often differing between
disciplines and depending on the statistical analysis being con-
ducted. There remains no consensus on which censored data
analysis method is best suited for calculation of the geometric
mean.
Scientists and environmental assessors commonly use statistical
approaches to describe the condition of the environment. Deriva-
tion of the geometric mean (n√ðx1 : x2…:xnÞ ) in preference to the
arithmatic mean ((x1þx2 … þxn )/n), has been recommended to
describe the average or the central tendency of elemental con-
centrations (Reimann et al., 2008). Given that environmental data is
often log-normally distributed, the use of the geometric mean
normalizes the data being averaged, and is therefore a good
approximation of the median concentration (Reimann et al., 2008).
Conversely, the arithmatic mean can be skewed away from the
median due to the presence of outliers and anomalus results.
This study compared the accuracy of censored data manage-
ment methods for calculation of the geometric mean using four soil
datasets and three levels of simulated censorship. Further, this
study included comparison of K nearest neighbour (KNN) impu-
tation. Although KNN imputation methods are increasingly being
used for statistical interpretation of environmental data (de Caritat
and Cooper, 2011; Grunsky et al., 2014; Harris and Grunsky, 2015;
Makvandi et al., 2016), to the researchers best knowledge, com-
parison of the accuracy of KNN imputation methods with other
techniques for management of censored data for calculation of the
geometric mean has not been previously published.
2. Methods
2.1. The dataset
Four datasets were chosen for evaluation. The datasets were
manganese (Mn) and zinc (Zn) concentrations measured in soils
derived from Quaternary basalt parent materials in Greater Mel-
bourne, Victoria, Australia from a soil survey and an open-source
dataset (Mikkonen et al., 2017). These datasets were selected as
no Zn or Mn concentrations were below the LOR of 5 mg/kg and a
wide variety of replicates were present, with n ranging between 27
and 194 (Table 1). The number of samples in each dataset was
considered typical of environmental soil datasets used for evalua-
tion of soil contamination at a site assessment scale. Simulated
LORs (Table 1) were applied to the Zn and Mn datasets at approx-
imately 35%, 60% and 80% censoring, respectively. The percentage
of censored results varied between datasets because the percentage
of results censored was restricted to the nearest result.Table 1
Summary statistics (mg/kg) and percentage of censored results for Zn and Mn concentrat
(OS) soil datasets.
Element Data Source n Measured LOR (mg/kg) Measured GM (mg/kg
Zn OS 194 5 25.94
S 40 5 29.6
Mn OS 27 5 330.53
S 41 5 270.6
Notes: GM ¼ Geometric mean, GSD ¼ Geometric Standard Deviation.2.2. Censored data analysis methods
The censored data analysis methods tested were substitution,
maximum likelihood estimation (MLE), regression on order sub-
stitution (ROS), nonparametric, nearest neighbour imputation and
removal of censored data (Table 2).
The distribution of Mn and Zn concentrations for the survey and
open-source datasets was assessed against normal, lognormal,
Weibull and loglogistic distribution using statistical package Min-
itab 17 (Minitab, 2010). Zinc concentrations were closest to a log-
normal or loglogistic distribution and Mn concentrations were
closest to normal distribution and weibull distribution (Supple-
mentary Material). As such, where statistical methods required
assumption of data distribution (i.e. for ROS and MLE), Zn con-
centrations were log transformedwhereas Mn concentrations were
assumed to be normally distributed, and thus not transformed.
2.3. Calculation of the geometric mean and geometric standard
deviation
The geometric meanwas calculated by taking the nth root of the
product of n numbers (n√ðx1 : x2…:xnÞ), except for KM and ROS
where, due to the nature of the ranked data (where by all numbers
are rounded), the geometric mean was calculated by back trans-
forming, the mean of log transformed data. The geometric mean
was calculated for Mn and Zn concentrations, using each of the
censored data management techniques, at the three simulated
levels of censoring (approximately 35%, 60% and 80%). The esti-
mated geometric mean after censoring (E) was compared to the
measured geometric mean with no censuring (M), using the per-
centage bias equation below (Equation (1)):
Percentage difference¼ (E-M) x 100/M (1)
In addition, the geometric standard deviation (GSD) was
calculated for complete datasets using the exponential of the
standard deviation of log transformed data, as shown in Table 1.
3. Results and discussion
The accuracy of the censored data management methods to
estimate the measured geometric mean generally decreased with
increased censorship (Fig. 1), with the mean percentage bias for
each substitution method (except near zero) and the KM method
more than doubling when censorship increased from 35% to
55e60% (Table 3). However, accurate estimates (less than 5% bias)
of the geometric mean were still achieved for Zn, for the open-
source dataset, using the ROS and 0.5  LOR methods, even when
censoring was high, at 80%.
Trends of the accuracy of the tested methods were comparable
for the Zn dataset and Mn datasets, indicating that the distribution
of data (log-normal and normal distribution) did not greatly changeions, under three simulated limits of reporting (LOR), for survey (S) and open-source
) Measured GSD (mg/kg) Simulated LOR (mg/
kg)
Simulated % of results
censored
Low Mod High Low Mod High
0.61 20 30 40 37.1 60 79
0.77 20 30 65 35 55 80
1.68 340 370 500 37 55 77
3.55 200 550 750 34 59 82
Table 2
Summary of approaches used to manage censored results.
Method Description
Substitution methods Censored results were replaced with a value based on a prescribed rule:
(i) 0.0000001 (near zero), near zero was chosen rather than zero, because the geometric mean, requires the log transformation of
the data and cannot be performed on zero;
(ii) half the LOR (0.5 xLOR);
(iii) the LOR (LOR);
(iv) the LOR multiplied by √2/2 (√2/2  LOR);
(v) b substitution value (b substitution), using equations provided by Ganser and Hewett (2010) in excel.
Maximum Likelihood estimation
methods (MLE)
Estimations were based onmodelling of the uncensored results to ﬁt a predetermined distribution (Dempster et al., 1977). Estimates
were calculated using the BootMLE (Boot MLE) minitab macro (Helsel, 2012).
Regression on order substitution
(ROS)
Estimations were based on ordering of results (from smallest to largest) and assumption of data distribution. Estimates were
calculated using Cros minitab Macro (Helsel, 2012).
Non-parametric methods Assessment of the probability of occurrence, based on ranked results with no assumption of data distribution. All results are ranked
from lowest to highest, whereby censored results with the same LOR are given the same ranking. Kaplan-Meier/Survival analysis
(KM) is a common non-parametric method (Helsel, 2012). The Kaplan-Meier test was applied using the KMStats Macro (KM) (Helsel,
2012).
Nearest Neighbour imputation
methods
Estimation of censored data was based on patterns (i.e. multivariate correlations) between variables within a data matrix. KNN
imputation (KNN), was undertaken using statistical program R, package robCompositions developed by Hron et al. (2010). The KNN
method imputes values for missing results (in this case censored results) based on the median of k uncensored results nearest to the
missing value, where k is the number of nearest neighbours taken into consideration. The error between the imputed and the
original value was initially assessed using k values of 2, 3, 4, 6, and 9. For this study, the error was least when using k¼ 4 for datasets
with less than 80% censoring and k ¼ 2 for datasets with greater than 80% censoring).
Samples from the open-source dataset were collected by a range of different organisations for many different purposes. As such, soil
samples from the open-source dataset were not assessed for a consistent range of elements/variables at each sample location.
Application of KNN, required samples to have been assessed for a comparable suite of elements. Therefore, KNN was only applicable
for the Survey dataset.
Removal All censored results were removed from the dataset, prior to statistical analysis.
Figure 1. Percentage difference of estimated geometric mean form the measured geometric mean Mn (left) and Zn (right) datasets at three varying levels of simulated censoring.
The solid red line shows the true geometric mean based on no censored data. Variance of ±5% and ±20% from the true geometric mean shown by the short and long dashed lines,
respectively. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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percentage bias of each censored data management approach
(Table 3), substitution with 0.5  LOR was or was close to, the most
accurate method for estimation of the geometric mean, for datasets
with low, medium and high percentage censoring. Comparison of
the percentage bias for different methods, suggested that there wasno advantage to using the b Substitution method over the more
simple 0.5  LOR method.
Where the percentage of censored results was low, 35% or less,
substitution of 0.5  LOR and b Substitution performed well, with
the estimated geometric mean (across the four datasets) being
within 20% of the measured geometric mean (Fig. 1). The accuracy
Table 3
Summary of percentage bias (absolute) for estimates of the measured geometric
mean for both Mn and Zn datasets, at three simulated levels of low, medium and
high censoring (approximately 35%, 60% and 80%).
Method Mean Percentage Bias
Simulated level of censorship Low Moderate High
Removed 61 77 160
Near zero 100 100 100
0.5 x LOR 11 22 27
LOR 25 52 111
√2/2  LOR 10 26 60
b substitution 10 27 51
KM 25 52 111
BootMLE 22 29 52
ROS 17 27 40
KNN 46 46 45
H.G. Mikkonen et al. / Chemosphere 191 (2018) 412e416 415of estimates for the geometric mean using substitution methods
(0.5  LOR, √2/2  LOR and b Substitution) was consistent with
ﬁndings from Antweiler and Taylor (2008) who found substitution
of half the LOR as an adequate method for estimation of the
arithmetic mean, median and standard deviation. In contrast to
ﬁndings from Antweiler and Taylor (2008) the KMmethod was not
amongst the best performing methods, with estimates generally
similar to substitution at the LOR.
Although nearest neighbour imputation methods are increas-
ingly being recommended and used for statistical interpretation of
environmental data (de Caritat and Cooper, 2011; Grunsky et al.,
2014; Harris and Grunsky, 2015; Makvandi et al., 2016), the accu-
racy of substitution of censored results by KNN has rarely been
assessed. Where the percentage of censoring was equal to or less
than 60%, KNN performed poorly compared to most of the other
censored data methods. Unlike the other censored data analysis
methods, the KNN method does not take into consideration what
the LOR was (i.e. censored results are treated as missing or un-
known results). Therefore, censored values derived by KNN can be
greater than the LOR, which in this case resulted in overestimation
of the geometric mean. However, the KNN method was least
inﬂuenced by the percentage of censorship (Table 3), which is ex-
pected to be due to the estimated concentration for each sample
being based on geochemical patterns within the dataset, not just
the known concentration of the speciﬁc element of interest. The
results of this study indicate that KNN imputation methods may
overestimate the geometric mean more than alternative methods.
Therefore, where less than 80% of results are censored, we do not
recommend the use of KNN for the management of censored data
for estimation of the geometric mean.
The accuracy of all tested censored data management tech-
niques were low for the Mn survey data compared to the Mn open-
source data, at the same levels of censoring (Fig. 1). Both the survey
and open-source Mn datasets were close to normally distributed
(Anderson Darling 1.15 and 0.97, respectively) and data populations
were similar size (n ¼ 41 and n ¼ 27, respectively). However, the
spread of Mn concentrations in the survey dataset was much larger
than the other datasets (GSD of 3.55) (Table 1). Ganser and Hewett
(2010) and Zoffoli et al. (2013) reported strong inﬂuence of the GSD
on the accuracy of censored data management techniques. Zoffoli
et al. (2013) showed high variability in the accuracy of ROS and
MLE when the GSD of the data was between 2.5 and 3.5. Similarly,
Ganser and Hewett (2010) reported increased error for the calcu-
lation of the geometric mean and the 95th percentile, when the GSD
was greater than 3. The results of this study agree with those of
Zoffoli et al. (2013) that the accuracy of censored data methods is
decreased with increased GSD.
For the purpose of environmental assessment, particularlyenvironmental risk assessment, it is common to take conservative
approaches and preference overestimation of a contaminant con-
centration rather than underestimation (Benjamin and Belluck,
2001). The use of all tested censored data management methods,
except substitution with near zero, were either within 20% of the
measured geometric mean or greater than the measured result
(Fig. 1). Substitution of near zero (0.0000001) for censored con-
centrations, resulted in an estimated geometric mean of zero
(<0.01 mg/kg) for each simulated dataset. The consistent under-
estimation of the geometric mean, when replacing censored data
with near zero, highlights that this method is the least conservative
approach and therefore not suitable for environmental risk
assessment purposes.
Conversely, removal of censored results consistently resulted in
overestimation of the geometric mean. Given other simple
methods (including 0.5  the LOR,√2/2  LOR and b substitution)
have been shown to produce more accurate results than the
removal of censored data, removal of censored results should not
be used for calculation of summary statistics.
Where, the percentage of censoring is less than 50%, derivation
of themedian could also be used to describe the central tendency of
the data without the need for making assumptions about censored
results. Where more than 60% of the data is censored, estimates of
the geometric mean are likely to be inaccurate (i.e. mean percent-
age bias of greater than 20%) and caution should be taken with
regard to how results are described and interpreted.
4. Conclusion
The best method to reduce uncertainty around themanagement
of censored results is to undertake analysis at a detection limit
below the expected element concentration, so as to reduce the
number of censored values. However, where assumptions for
censored values are required, this work supports growing evidence
that substitution of 0.5  the LOR is amongst the most accurate
methods, for derivation of summary statistics (Antweiler and
Taylor, 2008), as shown here for calculation of the geometric mean.
This study applied simulated LORs which were up to 10 times
the measured element concentration. Where element concentra-
tions could be 100 to 1000 times less than the LOR, which is
common for some anthropogenic contaminants in the environment
(soil, air or groundwater), the suitability of substitution methods
for calculation of summary statistics should be further evaluated. In
addition, although substitution of 0.5  LOR performed best for
derivation of the geometric mean, substitutionmethodsmay not be
appropriate for analysis of correlation and statistical variation
(Helsel, 2011).
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5 CHAPTER FIVE Soil Explorer- 
Communication of Results via an Interactive 
Website 
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5.1 Preface 
Ambient background soil data can support many aspects of environmental research and 
assessment. Therefore, it is important to share and communicate ambient background soil 
information.  
With the assistance of data scientists from CDM Smith and the eResearch team at 
RMIT University a website and an interactive map titled “Soil Explorer- Victorian Background 
Soil Database” were developed. The website was developed to present and share the results of 
the Background Soil Survey (Chapter 2) and collated open-source data (Chapter 3). In this 
chapter the website and web application development process is presented and the useful 
features of the website are described.  
5.2 Introduction 
Data on background concentrations of elements in soil is integral for assessment of 
agricultural health and productivity (Zhou et al. 2014), ecological risk (Du et al. 2015), mineral 
exploration (Xie & Cheng 2014), pollution and soil management options (Johnson & Ander 
2008). However, soil surveys, including the collection and chemical analysis of soil samples is 
both time and financially expensive. Therefore, soil survey datasets are a valuable resource to 
other scientists, land assessors and policy makers, beyond the initial project in which the data 
was collected.  
One of the easiest and most accessible means of sharing soil information is via the 
internet. Since the turn of the century user interaction with large datasets has been facilitated 
and advanced by the existence of several programming packages implementing statistical 
methods for the analysis of spatial data (McBratney, Mendonça Santos & Minasny 2003). Soil 
datasets from many background geochemical surveys are now publicly available online 
presented with many different user’s interfaces and levels of data accessibility.  
Two of the largest background soil surveys, the Geochemical Atlas of Europe and the 
national geochemical Survey for the United States are shared online. The results from the 
Geochemical Atlas of Europe soil survey are shared using static soil concentration maps and 
summary statistic data tables (http://weppi.gtk.fi/publ/foregsatlas/index.php). The soil data 
from individual samples is available across multiple excel spread sheets. The results from the 
national geochemical Survey for the United States of America are presented by the U.S. 
Geological Survey (USGS) (https://mrdata.usgs.gov/geochem/doc/mapdoc.htm). The USGS 
website allows the user to view and download soil data on a county by county basis. 
Concentration maps are provided presenting the mean of metal concentrations, which were 
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calculated using the "inverse distance weighted" interpolation, with a radius of 20 km and a 
power of 2. The dataset can also be downloaded in a range of file formats including shape or 
CSV files.  
In Australia, soil survey data from the NGSA are publicly available for download, 
including detail of the field location, observations, GPS coordinates and complete analysis 
results (http://www.ga.gov.au/about/projects/resources/national-geochemical-survey). The 
methodology for sample assessment and quality control of information is also provided, 
allowing data users to understand the reliability of the soil information.  
In Australia, the Terrestrial Ecosystem Research Network has also developed the Soil 
and Landscape Grid of Australia (Grundy et al. 2015), accessible at 
http://www.clw.csiro.au/aclep/soilandlandscapegrid/. The Landscape Grid of Australia 
provides data for soil properties including silt, clay, sand content, pH and nitrogen. However, 
this dataset does not include information on ambient background concentrations of potentially 
toxic elements in soil.  
The useability of soil survey data is influenced by the availability and suitability of 
information provided. Many of the soil surveys include data both representative of ambient 
background in addition to some samples impacted by point source contamination. Where this 
data is included, summary statistics automatically derived from the full dataset may 
overestimate ambient background concentrations of soils. In addition, where insufficient data is 
provided on the sample type, parent material, depth, data interrogation and reuse may be 
limited.  
Based on the lack of ambient background soil information available in Victoria at a 
local to regional scale, a website to freely share the results of the background soil survey was 
developed to support multiple end users of soil information, such as environmental consultants, 
researchers and regulators of the environment. The objective of the soil website was to provide 
a clear understanding of the data collected during the soil survey and to provide summary 
statistics to support assessment of expected upper limits of ambient background concentrations 
of potentially toxic elements in different soil domains (as separated by parent material and 
region).  
5.3 Methodology  
A website titled “Soil Explorer- Victorian Background Soil Database”, was developed 
in collaboration with the Environment Protection Authority, Victoria, the Australian 
Contaminated Land Consultants Association, the RMIT eResearch team and Data Scientists at 
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CDM Smith, accessible at https://soilexplorer.eres.rmit.edu.au/soil-explorer/ (Mikkonen et al. 
2018). The website was developed to present and share, in a user friendly format, ambient 
background concentrations of potentially toxic elements in Victorian soils, based on data 
collected during the Background Soil Survey (Chapter 2) and screened data collated from 
open-source environmental assessment reports (Chapter 3). The developed website includes: 
• A brief introduction page and summary to the works undertaken, including terms and 
conditions for use of the data 
• An interactive map, where by the user can filter soil data for each assessed element or 
parameter, region (Greater Melbourne, Greater Geelong, Mitchell and Ballarat), 
geological domain (Quaternary basalt, Upper Silurian formation, Anderson Creek 
Formation and Tertiary sediments) and sample depth. The spatial distribution of 
ambient background concentrations are presented on the interactive map. The summary 
statistics are presented and can be downloaded on a printable two page flyer for the 
filtered element and domain.  
• The background soil dataset, including each individual sample result and ability to 
filter or print the data set. 
• Links to published information that describe the method of data collation, the choice of 
statistical methods used and interpretation of results. 
• A tab on how to reference the website. 
• A contact form, which allows the website user to provide feedback or ask questions 
about the database or website.  
The website was scripted and automated using the R language. R is a freely available 
language and environment for statistical computing, development of graphics and presentation 
of information. The term “environment” is used to describe R in regards to R being an 
integrated suite of software facilities, allowing a diverse range of data manipulation techniques.  
The data communication process involved development of an interactive map using 
Shiny (an R web application), licensing of the dataset, development of a DOI, placement of the 
Shiny application onto a secure and reliable server, launching of the website, and recording the 
use of the website using Google’s data analytics platform. 
R was chosen for the development of the Victorian Background Soil Database because, 
using R, all the statistical analysis could be automated, including the output of over 120 
statistical summary flyers, which summarised and visually presented the ambient background 
concentrations of potentially toxic elements for each assessment region and domain.  
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Secondly, several packages have been integrated into the R space to allow the 
generation of HTML dashboards and reporting; (e.g. leaflet, crosstalk, sf, rmarkdown, knitr). 
The packages used for the development of the website are summarised in Table 5-1. Finally, R 
is open source which allows for the coding to be edited by people from different industries and 
institutions. 
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Table 5-1 Summary of libraries used to develop the Victorian Bakground Soil Database 
web application 
Library  Description Reference 
R Language and environment for statistical computing  (R Core Team 2016) 
shiny Web application framework for R (Chang et al. 2017) 
Shiny 
dashboard 
Allows creation of attractive dashboards in shiny. (Chang & Ribeiro 
2018) 
DT Data objects in R can be rendered as HTML tables using the 
JavaScript library 'DataTables' (DT), typically via R 
Markdown or Shiny. 
(Xie 2018b) 
markdown Provides R bindings to the 'Sundown' 'Markdown' rendering 
library. 'Markdown' is a plain-text formatting syntax that can 
be converted to 'XHTML' or other formats.  
(Allaire & Horner 
2017) 
shinyjs Allows one to perform common useful JavaScript operations 
in Shiny applications  
(Attali 2018) 
digest Implementation of a function 'digest()' for the creation of hash 
digests of arbitrary R objects permitting easy comparison of R 
language objects, as well as a function 'hmac()' to create hash-
based message authentication code 
(Eddelbuettel 2018) 
plyr A set of tools that solves a common set of problems: you need 
to break a big problem down into manageable pieces, operate 
on each piece and then put all the pieces back together. 
(Wickham 2016) 
gtools Functions to assist in R programming, (Warnes, Bolker & 
Lumley 2015) 
reshape2 Allows one to restructure and aggregate data using just two 
functions: melt and 'dcast'  
(Wickham 2017) 
leaflet Allows creation of interactive and customisable maps. (Cheng, Karambelkar 
& Xie 2018) 
sf Simple features (sf) provides a standardised way to encode 
spatial vector data 
(Pebesma et al. 2018) 
knitr Provides a general-purpose tool for dynamic report generation 
in R using Literate Programming techniques (such as 
markdown). 
(Xie 2018a) 
 
The website was developed as a collaboration between industry and academia, with 
researchers from RMIT University and data scientists from CDM Smith, working to develop 
the website. As such the project development was handled using an agile development and 
deployment approach, with two week “sprints” of allocated work tracked on an online task 
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board (http://www.trello.com). Changes to site source code during development were 
communicated between different collaborators using a source control repository (bitbucket). 
Following emerging best practices for dataset publication, steps were made to ensure 
that the data was both accessible and had potentially larger reach. A Digital Object Identifier 
(DOI) was made so that the dataset can easily be referenced in publications and can be 
discovered through records to be created in Research Data Australia. Google Analytics was 
used to assess the traffic to the site and allow for use to better understand the users interests; 
but beyond these automated metrics, an online form was embedded on the website to allow 
visitors to reach out to get further information and initiate conversations with the authors. 
These steps were based on the requirement that the site would serve as a starting point for 
further discussion and collaboration. 
The technical deployment of the R application followed a set of best-practices for web 
application deployment of researchers output, including use of SSL browser security, tracking 
of source changes using a version control system, metadata creation and formalised 
maintenance processes.  
This project was an early test case for emerging standardised method for “bespoke” 
research dataset publication at RMIT, which also serves the purpose of introducing researchers 
to new tools and techniques for enhancing their research practice. The data was presented under 
a creative commons licence Attribution 4.0 International (CC BY 4.0) allowing for free use and 
access to the soil information.  
5.4 Results and Discussion 
The Soil Explorer-Victorian Background Database application is easy to use, does not 
require the user to download any software and does not require any programming or statistical 
analysis knowledge. The interactive map, summary statistics and raw data are available at 
https://soilexplorer.eres.rmit.edu.au/soil-explorer/. Snapshots of the website are presented in 
Figure 5-1 and Figure 5-2. 
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Figure 5-1 Snapshot of Soil Explorer web interface, showing nickel concentrations in sub-
surface soils of Greater Melbourne 
 
Figure 5-2 Snapshot of the Datatable, tab of website which provides access to screened 
soil data from the Victorian Background Soil Survey 
The application allows user interaction with the soil dataset, allowing assessment of 
results at a single data point but also derivation and visualisation of summary statistics for 
selected elements within a given region and underlying parent material. The presentation of 
data in this way allows consistency in the summary statistics viewed by data users, improves 
conceptualisation of spatially of results and also visually renewal the resolution (sample 
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frequency) used to derive the summary statistics, showing that data populations in some 
regions were much lower than others.  
With the increase in means of predicting spatial variability, much published soil data is 
currently being presented as digital soils maps or modelled spatial layers. Digital soil mapping 
(DSM) spatially predict soil features or chemistry by deriving statistical relationships between 
observed soil characteristics and auxiliary information, such as environmental variables, 
representing the soil forming factors (e.g., topography and vegetation cover) (McBratney, 
Mendonça Santos & Minasny 2003). The accuracy and uncertainty of digital soil maps depends 
on the soil sample density, on the quality and resolution of the auxiliary information, and on the 
application of the mapping techniques. There is often a lack of communication to information 
users of the accuracy and confidence in predicted information (Harmel et al. 2014).  
Background concentrations of metals in soil can vary by 100 fold within a single soil 
sample (Chapter 9). Therefore, for the purpose of presenting and sharing the soil data results, it 
was considered most relevant for the Soil Explorer interactive map to simply present the results 
visually and then provide summary statistics that clearly describe the data variability.  
This information can be used by environmental assessors, regulators and industry to 
support understanding of ambient background soil concentrations and ambient background 
variability.  
5.5 Limitations and Conclusions 
The development of the Soil Explorer- Victorian Background Soil Database, has 
allowed for broad sharing of soil information in an easy format, accessible to a broad audience, 
including members of the public, soil scientists and those involved in land management and/or 
cultivation. It is hoped that the development of this website will increase the use of the data 
collected during the Victorian Background Soil Survey and increase application of the results 
of this research.  
The soil summary statistics, presented in Soil Explorer interactive map, are currently 
grouped based on region and the mapped underlying geology. For improved understanding of 
expected ambient background concentrations, soils could be split into more specific soil 
domains, potentially including separation based on historical land use (i.e., urban areas verse 
agricultural areas) in addition to region and bedrock. Spatial predictive maps could also be 
added to this interface, to provide an estimate of concentrations of ambient background 
concentrations in areas between sample locations.  
In the future, the published soil datasets may be used to identify the origin of unknown 
  
82 
 
soils; whereby a user of the website could enter the data relating to a specific soil sample 
(collected within the assessment region) and a web application could use discriminant analysis 
to infer or identify which soil domain the sample is likely from, based on geochemical patterns 
within the Victorian background Soil dataset. This would be a useful application for identifying 
the origin of imported fill soils.  
The recent (July 2018) launch of the Victorian Background Soil Database website will 
be followed by a workshop between the application developers and application users form the 
ACLCA. The application of the website is likely to evolve and improve as the website 
developers and industry continue to collaborate.  
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6.1 Preface 
Ambient background concentrations of potentially toxic elements in soils are 
influenced by both natural processes (environmental factors) in addition to diffuse 
contamination (anthropogenic factors). Due to the broad distribution of source of 
anthropogenic contamination and variation in atmospheric transfer and deposition patterns of 
contaminants, it can be difficult to distinguish if concentrations of potentially toxic elements in 
surface soils are due to diffuse contamination or natural processes.  
Of the potentially toxic elements considered in soils of the Assessment Area (Chapter 2 
and Chapter 3) metals and metalloids As, Cd, Cr, Cu, Ni, Hg, Pb and Zn are amongst the most 
common contaminants assessed with regard to diffuse anthropogenic contamination (Birke et 
al. 2017; Nicholson et al. 2003; Ottesen et al. 2013). These metals/metalloids are also listed as 
“priority contaminants” by the British Geological Survey (Ander et al. 2013). 
In this chapter the spatial distribution of ambient background concentrations of 
metals/metalloids (As, Cd, Cr, Cu, Ni, Hg, Pb and Zn) were assessed, including identification 
of areas of metal/metalloid enrichment. Drivers of enrichment of metal/metalloids in soils were 
identified. The findings of this Chapter provide evidence of processes that have resulted in 
enrichment of soils with Ni and Cr (i.e. weathering of basalt) and also highlights uncertainty 
about the source (whether it be natural or anthropogenic) of Pb and Zn enrichment in surface 
soils.  
This Chapter has been published in Science of the Total Environment. Supplementary Material 
for this chapter is presented in Appendix B. 
6.2 Publication Three 
Mikkonen, HG, Dasika, R, Drake, JA, Wallis, CJ, Clarke, BO & Reichman, SM 2018, 
'Evaluation of environmental and anthropogenic influences on ambient background metal and 
metalloid concentrations in soil', Science of the Total Environment, vol. 624, pp. 599-610. 
https://doi.org/10.1016/j.scitotenv.2017.12.131. 
6.3 Abstract 
There has been a global shift in environmental risk assessment towards quantifying 
ambient background concentrations of metals/metalloids in soil. Whilst bedrock has been 
shown to be a key driver of metal/metalloid variability in soil, few researchers have assessed 
controls of ambient background concentrations in soils of similar bedrock. A soil survey was 
undertaken of Greater Melbourne, Greater Geelong, Ballarat and Mitchell in Victoria, Australia 
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for elements of potential environmental concern: As, Cd, Cr, Cu, Ni, Hg, Pb and Zn. Samples 
(n=622) were collected from surface (0 to 0.1 m) and sub-surface (0.3 to 0.6 m) soils, overlying 
Tertiary-Quaternary basalt, Tertiary sediments and Silurian siltstone and sandstone. In addition, 
background soil data from open-source environmental assessment reports (n=5512) were 
collated to support the understanding of natural enrichment, particularly at depths greater than 
0.6 m. Factor analysis, supported by correlation analysis and auxiliary geo-spatial data, 
provided an improved understanding of where and how background metal/metalloid 
enrichment occurs in the environment. Weathering during paleoclimates was the predominant 
influence of background metal/metalloid variability in soils overlying similar bedrock. Other 
key influences of metal/metalloid variability in soil included hydraulic leaching of alkali 
elements, biological cycling, topography and alluvial transfer of silt and sand from mineralised 
regions. In addition, urbanisation positively correlated with Pb and Zn concentrations in surface 
soils suggesting that anthropogenic activities may have resulted in diffuse Pb and Zn 
contamination of urban soil.  
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600 H.G. Mikkonen et al. / Science of the Total Environment 624 (2018) 599–6101. IntroductionDue to the high variability of geogenic metal/metalloid concentra-
tions in soil andmultiple sources of potential anthropogenic contamina-
tion across the earth, it is often difﬁcult to distinguish areas of geogenic
enrichment from areas of anthropogenic enrichment (De Carlo et al.,
2014;Myers and Thorbjornsen, 2004; Zhou andXia, 2010).Metals/met-
alloids of geogenic (or natural) origin are typically less bioavailable than
metals/metalloids of similar concentration associated with contamina-
tion, and therefore require different management practices (Palumbo-
roe et al., 2005). Inaccurate characterisation of contamination versus
natural enrichment can result in natural soils being disposed to landﬁll,
limitations to land development and miss-understanding of potential
risks to human health and the environment. Therefore, an understand-
ing of where and why natural enrichment of metals/metalloids occurs
in soils, at a land development scale (e.g.100 m × 100 m) or local scale
(0.5–500 km2), is integral for sustainable land management.
Human activities including the use of fossil fuels,mining and agricul-
ture have resulted in diffuse additions of metals/metalloids to soils on a
global scale (Cloy et al., 2008; Rosman et al., 1993). Although, the
magnitude of diffuse contamination is typically low compared to the
magnitude of natural variation (Fabian et al., 2017), the idea of a pristine
soil reﬂecting true background concentrations of elements is no longer
accurate. Therefore, for the purpose of understanding expected
background metal/metalloid concentrations in soil, the term ambient
background is used. Ambient background concentrations include the
geogenic concentration (natural background) of elements and low level
diffuse contamination from non-point, anthropogenic, sources
(Mikkonen et al., 2017; Ottesen et al., 2008; Panno et al., 2006; Saaltink
et al., 2014). As such, ambient background includes broaduse of fertilizers
from agricultural practices but excludes soils adjacent to roads, buildings
and emission point sources, such as smelters (Darnley, 1995).
The natural concentration of elements of potential environmental
concern (such as As, Cd, Cr, Cu, Ni, Hg, Pb, Zn) in soils is inﬂuenced by
the parentmaterial fromwhich the soil has formed but also by environ-
mental processes such as leaching, biological cycling, physical immobi-
lisation and atmospheric deposition (Jenny, 1941; Reimann et al., 2015).
Whilst the spatial variability of soil nutrients, at a local scale, has exten-
sively been researched (Bogunovic et al., 2017; Gray et al., 2015; Guan
et al., 2017; Uygur et al., 2010; Zhang et al., 2010), assessment of
controls of trace element variability in soil is typically undertaken at
broad (continental) scale.
Surveys of ambient concentrations of metals/metalloids have been
undertaken around the world, including in Australia (de Caritat and
Cooper, 2011), Asia (Cheng et al., 2014; Ohta et al., 2005), Europe
(Reimann et al., 2014; Reimann et al., 2003; Salminen et al., 2005;
Salminen et al., 2004) and the United States of America (Smith et al.,
2014). These large datasets have enabled identiﬁcation of key inﬂuences
of metal/metalloid distribution on a global (Rauch, 2011), continental
(0.5–50 million km2), and regional scale (500–500,000 km2)
(Reimann et al., 2009; Reimann et al., 2011). These surveys have
focussed on understanding the inﬂuence of underlying bedrock and
mineralogy on trace element concentrations (de Caritat and Grunsky,
2013; Rauch, 2011), with little evaluation of environmental controls of
variability in soils formed from similar parent materials at a local scale
(i.e. the variability caused during pedogenesis).
de Caritat and Grunsky (2013) reviewed environmental controls of
geochemical variability across Australia, based on catchment sediment
samples collected during the National Geochemical Survey of Australia
(NGSA). Key controls of soil variability at a continental scale, were
reported to be; weathering of dominantly felsic rocks, weathering of
dominantly maﬁc/ultramaﬁc rocks, formation/preservation of regolith
carbonates and evaporates, accumulation of resistant/heavy minerals
and intense weathering (accumulation of Si and Zr) (de Caritat and
Grunsky, 2013). The NGSA (de Caritat and Cooper, 2011) was undertak-
en at low resolution (frequency average of 1 sample site per 5500 km2)and was not designed for identifying localised sources of metal/metal-
loid enrichment or contamination.
Globally, there has been a shift in environmental guidance, to
include an understanding of background metal concentrations in soil
when assessing environmental risk and the need for remediation
(DEFRA, 2012; NEPC, 2013; Tarvainen and Jarva, 2011). Although conti-
nental scale surveys have provided an increased understanding of the
distribution and variability of background metal concentrations in
soils, it is recognised that regional assessments are required to assist
in distinguishing natural enrichment from contamination, at the scale
of environmental site assessments (Reimann and de Caritat, 2017).
The objectives of this study were to:
1. Establish ambient background concentration ranges of As, Cd, Cr, Cu,
Hg, Ni, Pb and Zn in surface and sub-surface soils in targeted regions
of Victoria.
2. Use multivariate statistical analysis to assess the inﬂuence of envi-
ronmental and anthropogenic variables on ambient background
metal/metalloid concentrations at a regional and local scale.
3. Compare regional background concentrations to the national back-
ground metal dataset (Reimann and de Caritat, 2017) to identify
areas of natural enrichment.
2. Method
2.1. Study approach
This study involved the following steps; (i) soil survey to collect
background data; (ii) collation of survey data and open-source soil
data within the study area; (iii) statistical assessment of metal/
metalloid concentrations; and (iv) correlation and factor analysis
to support inference of environmental and anthropogenic controls
of metal/metalloid variability in soil. The methods of assessment
are described in the following sections.
2.2. The study area
Soils in Victoria have previously been reported to be naturally ele-
vated in metals including Ni in soils overlying basalt (Mikkonen et al.,
2017) and As in Silurian siltstone and sandstone (Meuser and Van de
Graaff, 2011). The Study Area included soils overlying Tertiary-
Quaternary basalt of the Newer Volcanics (basalt), Tertiary sediments
(sediment), and Silurian siltstone and sandstone (siltstone/sandstone),
in key areas of Victoria, Australia that have been identiﬁed for proposed
residential growth and development; Greater Melbourne, Mitchell,
Ballarat and Greater Geelong (Fig. 1). Greater Melbourne, with a popu-
lation density of 4.49 people/ha is the largest city in Victoria. Mitchell is
predominantly an agricultural area with a population density of 0.14
people/ha. Greater Geelong is a coastal based city with the second
highest population density in Victoria of 1.87 people/ha and Ballarat is
a regional city, with a rich history in goldmining, and population density
of 1.38 people/ha (Australian Bureau of Statistics, 2016).
The topography of the Study Area was variable (Fig. 1), with rugged
mountain ranges to the north east and east ofMelbourne, low lyinghills,
recent alluvial sand terraces and wetlands to the south east of Mel-
bourne and east of Greater Geelong, and basalt plains to the north and
west of Melbourne (Boyce, 2013). The climate in the Study Area is tem-
perate to semi-arid, including hot summers and mild winters, with
mean annual rainfall varying from 534 mm/year in Geelong, in the
south west of the Study Area, to 774 mm/year in Dandenong, in the
east of the Study Area (BOM, 2016).
2.3. Soil survey
A background soil survey was undertaken. Samples were collected
from 312 locations from surface (0.0 to 0.1 m) and sub-surface
Fig. 1. (a) Sample locations targeting assessment of soils overlying Tertiary-Quaternary basalt, Tertiary sediments, Silurian silt and sandstone (VandenBerg 1997) in Greater Melbourne,
Mitchell, Greater Geelong and Ballarat, Victoria, Australia. (b) Study Area showing topography, based on 1 s digital elevation, with vertical exaggeration of 30 (Gallant et al., 2011), over-
lying Google satellite imagery.
601H.G. Mikkonen et al. / Science of the Total Environment 624 (2018) 599–610(collected between 0.3 and 0.6 m) soils, resulting in an average sam-
pling frequency of 1 sample per 16 km2. Surface sampleswere generally
representative of A horizon soils. The sub-surface samples were limited
to one soil horizon within the 0.3 m and 0.6 m depth interval (for
example where the B horizon was encountered at 0.4 m, the sample
was collected from 0.4 to 0.6 m depth). Where no distinct B horizon
was present, A or C horizon soils (depending which were present)
were sampled within the sub-surface depth interval. Where bedrock
(impermeable by hand auger) was b0.3 m, no sub-surface soil sample
was collected (n = 2). Sample locations targeted agricultural land
(predominantly grazing), recreational reserves and parks, forests,
gardens and urban open space areas, away from known point sourcesof contamination, this includes buildings and roads. Information on
the current and historic land use at each sample location was noted
based on ﬁeld observations and historical maps and aerial photographs.
Further detail of sampling methods and evaluation of methods for ver-
ifying that the sample set was representative of ambient background
concentrations was provided by Mikkonen et al. (2017).
2.4. Sample analysis
Pseudo-total concentrations of metals/metalloids (Al, Sb, As, Ba, Be,
B, Cd, Cr, Co, Cu, Fe, Mg, Mn, Hg, Mo, Ni, Se, Ag, Sr, Sn, S, Ti, V, Z) and
major cations (Ca, K, Mg, and Na) were determined by inductively
602 H.G. Mikkonen et al. / Science of the Total Environment 624 (2018) 599–610coupled plasma atomic emission spectroscopy (ICP AES) following aqua
regia digest; HCl:HNO3 (10:4) at 95 °C for 30min and addition of hydro-
gen peroxide and heating for a further 30 min. Total mercury was
assessed by a Flow Injection Mercury System using atomic absorption
spectroscopy (US EPA, 2014) following modiﬁed aqua regia digest.
Soil pH was assessed using 1:5 ratio of soil to 0.01 M CaCl2 (Rayment
and Lyons, 2011). Soil particle density and texture fractionationwas un-
dertaken using a hydrometer as speciﬁed by StandardsAustralia (2003).
Exchangeable cations (Ca, K, Mg, and Na) were extracted using ammo-
nium chloride, and assessed with ICP AES (Rayment and Lyons, 2011).
Organic matter was assessed using the Walkley Black method
(Rayment and Lyons, 2011).
When undertaking sampling, duplicate samples were also collected
at a rate of one duplicate for every 20 primary samples. The duplicate
samples were sent to a second laboratory to assess reproducibility of
the results. Method blanks and spikes were included for each of the dif-
ferent analysis methods undertaken, at a frequency of one method
blank and spike per sample batch (approximately 1 per 5 primary sam-
ples). Quality control results are provided in Supplementary material 1
(SM1).
2.5. Collection of background soil data from open- sources
In order to increase the sample density within the Study Area, and
gain an understanding of expected metal/metalloid concentrations at
depth (N0.6 m) background sample data was collected from open-
source environmental site assessment reports, for audited sites
(Victoria EPA, 2016). The open-source soil samples were collected
using similar quality control procedures and analysed using comparable
analytical methods as the survey dataset (Mikkonen et al., 2017). The
collated open-source data was manually screened to remove samples
that were suspected to be contaminated by point sources and hence
not representative of ambient background, as described by Mikkonen
et al. (2017). The open-source soil samples were grouped based on
sample depth intervals of 0–0.1 m, 0.3–0.6 m and N0.6 m.
2.6. The ambient background dataset
The number of survey and open-source samples considered repre-
sentative of ambient background within each region and targeted
parent material is presented in Table 1. The number of open-source
soil samples was much higher in Greater Melbourne than other areas,
due to the higher frequency of environmental assessments undertaken
in the city compared to the rural areas, such asMitchell, where no open-
source data was available.
2.7. Collation of geospatial information
Geospatial characteristics at each survey sample locationwere quan-
tiﬁed using publicly available geospatial data. Topography across the
Study Area was represented by the elevation, slope and aspect derived
from the 1 s digital elevation model (Gallant and Austin, 2012a;Table 1
Number of post-screening background soil samples from each region and targeted parent mat
sandstone (siltstone/sandstone).
Region Parent material Survey
Sample depth (m) 0.0–0.1 0.3
Ballarat Basalt 34 34
Greater Geelong Basalt 34 34
Sediment 41 41
Greater Melbourne Basalt 42 39
Siltstone/sandstone 77 77
Sediment 38 38
Mitchell Basalt 29 29
Siltstone/sandstone 18 18Gallant and Austin, 2012c; Gallant et al., 2011) and the valley bottom
ﬂatness index (Gallant et al., 2012). Aspect data was transformed from
a circular land-surface parameter (i.e. degrees ranging from 0 to 360)
to a measure of northness and eastness using sine and cosine transfor-
mation respectively (northness = cos(aspect) and eastness =
sin(aspect)) (Olaya, 2009). Variation in climate and rainfall in the
Study Area was inferred from maps of the Prescott Index (Gallant and
Austin, 2012b), which includes consideration of average monthly pre-
cipitation, temperature and evaporation (Prescott, 1950). Vegetation
fractional cover (based on data fromwinter 2015) was used tomeasure
post-urbanisation vegetation cover (Guerschman et al., 2015) and the
Night Light Development Index, was used to estimate extent of urbani-
sation (Elvidge et al., 2012; NOAA, 2017). A low fractional vegetation
value indicated high cover of photosynthetic vegetation compared to
non-photosynthetic vegetation (i.e. leaf litter) and bare soil. Similarly,
a low night light development index value indicated high urbanisation.
2.8. Statistical analysis
To understand background metal/metalloid variability in the Study
Area, analysis of similarity, summary statistics, mapping, correlation
analysis and factor analysis was undertaken.
Firstly, multivariate analysis of similarity, using Anosim, was under-
taken to assess if soils derived from different parentmaterials, land uses
and regions were statistically different. This was done using statistical
software Primer 7 version 7.0.11, (Clarke and Gorley, 2015). It was
noted that the background soil data was compositional (i.e. results
were in mg/kg, and therefore not independent of one another). Thus,
prior to undertaking multivariate analysis, the dataset was opened
using centred log ratio transformation, whereby each result for each
variable was divided by the geometric mean of all the variables for
that individual sample (Aitchison, 1986; Filzmoser et al., 2012). Element
concentrationswere opened, log transformed and scaled prior to analy-
sis of similarities based on a resemblance matrix plotted within the
Euclidean space. The null hypothesis, that the sample groups were
different, was assessed at a statistical signiﬁcance level of 0.05.
Summary statistics for the combined background dataset (the open-
source data and survey data), were calculated for surface (0 to 0.1 m)
samples, sub-surface (0.3–0.6 m) samples and “deeper” (N0.6 m) sam-
ples for soils from each statistically different region and parentmaterial.
Summary statistics were calculated using the “doBy”, “StatDA” and
“gdata” libraries, with R statistical software, freely available at http://
cran.r-project.org/. Where element concentrations were reported
below the limit of reporting (LOR), substitution of half the LOR was
adopted for calculation of summary statistics. Substitution of half the
LOR for the calculation of summary statistics, including the mean and
geometric mean, has been shown to have comparable accuracy to
other non-parametric methods (Antweiler and Taylor, 2008;
Mikkonen et al., 2018) and therefore was considered suitable.
The median for background metal/metalloid concentrations in the
Study Area for surface, sub-surface and deeper soils were compared
with survey samples from the National Geochemical Survey oferial (Tertiary-Quaternary basalt (basalt), Tertiary sediments (sediment), Silurian silt and
Open source Total
–0.6 0.0–0.1 0.3–0.6 N0.6
36 41 85 145
0 19 70 87
0 20 50 102
189 463 970 733
79 489 1452 722
6 344 1199 426
0 0 0 58
0 0 0 36
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2010). The NGSA is an independent dataset that comprised surface
(0–0.1 m) and subsoil (0.6–0.8 m) samples collected in composite,
from overbank and ﬂoodplain sediments across Australia (de Caritat
and Cooper, 2011). The NGSA included analysis of sieved b2 mm sam-
ples for metals using aqua regia digest (de Caritat and Cooper, 2011),
comparable to analytical methods used for the survey samples collected
during this study. In addition, metal andmetalloid concentrations were
compared with national geochemical screening thresholds for back-
ground soils of Australia (Reimann and de Caritat, 2017).
To understand key environmental and anthropogenic inﬂuences as-
sociated with enrichment, correlation analysis and factor analysis was
undertaken on the survey dataset. Samples collated from the open-
source environmental assessment reports were collected by a range of
different organizations for many different purposes, and as such,
contained an inconsistent suite of analytes. Therefore, the open-source
data was used for mapping and calculation of summary statistics, but
was not suitable for correlation or factor analysis.
Spearman correlation between ambient background concentrations
of As, Cu, Cr, Ni, Pb and Zn and key spatial variables (as described in
Section 2.7) were assessed. Signiﬁcance of the correlation was assessed
at P b 0.001, 0.001 ≤P b 0.01, 0.01 ≤P b 0.05.
Information on factor analysis methods and its use in soil science are
provided by Filzmoser et al., (2009) and Reimann et al., (2002). Based
on correlation between variables, the factor analysis method organises
variables into groups (factors) that account for the overall variability
within the dataset. Similar to principal component analysis, factor anal-
ysis is a useful exploratory tool for reducing a large number of variables
(e.g. elemental concentrations in soil) down to a small number of sum-
mary variables (i.e. principal components c.f. factors) (Reimann et al.,
2008). Variables that have a strong positive or strong negative “factor
loading” (scaled between +1 and−1) have a strong inﬂuence on the
derived factor. One can infer underlying processes controlling metal/
metalloid variability in background soils based on the elements that
have strong factor loadings within in a given factor.
Factor analysis was undertaken using the “opened” survey sample
results, grouped by underlying bedrock, using the StatDA package in R
(Reimann et al., 2008). The variables included metals/metalloids (Al,
Sb, As, Ba, Be, B, Cd, Cr, Co, Cu, Fe, Mg, Mn, Hg, Mo, Ni, Se, Ag, Sr, Sn, S,
Ti, V, Z),major cations and anions (Ca, K,Mg, andNa), clay, sand, organic
matter and geospatial conditions (including elevation, weathering
index and the Prescott index, described in Section 2.6). To identify
spatial patterns of soil variability, individual soil samples were given a
“factor score”, to qualitatively indicate the inﬂuence of each factor at
each location.
The opened data was log transformed, scaled and plotted using
varimax rotation. The number of factors in the factor analysis was limit-
ed to six (referred to as F1 to F6). Six factors were adequate to account
for approximately 70% of the observed variabilitywithin the dataset
(Reimann et al., 2008). Environmental and anthropogenic inﬂuences
of variability were derived based on the groups of elements with strong
factor loadings and the location or deﬁning characteristics of samples
which had high factor scores.
3. Results and discussion
3.1. Background metal/metalloid variability in the study area
Multivariate analysis of similarity, using ANOSIM, showed that
ambient background metal/metalloid concentrations in soils differed
between parentmaterials and regions (P b 0.05) except between the re-
gions of Mitchell and Greater Melbourne (Fig. 2). However, metal/
metalloid concentrations in soils from agricultural areas (generally
grazing)were not statistically different to soils fromparks or recreation-
al areas (P = 0.51), indicating that fertiliser application was not a key
control of variability for As, Cr, Cu, Ni, Pb and Zn in background soils.Summary statistics for As, Cd, Cr, Cu, Hg, Ni, Pb and Zn concentra-
tions in soils of the Study Area and soils of each region and parent
material, are provided in Supplementary material 2 (SM2) and Supple-
mentary material 3 (SM3), respectively. Almost all reported Cd and Hg
concentrations (99.4% and 95% of results, respectively) were below
the limit of reporting of 1 mg/kg and 0.1mg/kg, respectively. Therefore,
no evaluation of variability of Cd andHg concentrationswas undertaken
as part of this study.
Chromium and Ni concentrations were signiﬁcantly different
between soils overlying different parent materials, being enriched in
soils overlying basalt compared with other parent materials (P b
0.001). Surface Pb concentrations were inﬂuenced by region, being
enriched in Ballarat andMelbourne compared with Mitchell and Great-
er Geelong (P b 0.001). Amap of metal/metalloid concentrations in sur-
face soils is provided in the Supplementarymaterial 4 (SM4).Metal and
metalloid concentrations in surface (A horizon soils) and sub-surface (B
or C horizon soils) were signiﬁcantly correlated (P b 0.001) (Table 2).
Chromium and Ni were enriched in sub-surface soils compared with
surface soils (Table 2). Conversely, Zn and Pbwere found to be enriched
in surface soils comparedwith sub surface soils,with enrichment factors
of 2.2 and 2, respectively.3.2. Key factors associated with metal/metalloid enrichment
Correlation analysis (Table 3) was undertaken on soils to identify
relationships between geospatial variables with depletion/enrichment
of background metal/metalloid in soils, overlying the targeted parent
materials. The strongest correlation (r=−0.53)was reported between
Pb in surface soils overlying siltstone and sandstones and the Night
Light Index, whereby a negative correlation with the Night Light Index
indicates a positive correlation with increased urbanisation (Lado
et al., 2008).
Chromium concentrations in soils overlying siltstone and sand-
stones and Cu in soils overlying sediments were not signiﬁcantly corre-
lated (P N 0.05) with the assessed environmental and anthropogenic
geospatial variables. This suggests that either variability of these
elements is a function of parent material, and/or the key controls of
variability of Cr and Cu were not assessed.
The factor analysis results are presented as a graph (Fig. 3),where
the x-axis is the percentage of variability explained by each of the pre-
dominant factors (as F1–F6), and the y-axis shows the relative factor
loadings for the different soil variables (Fig. 3). Elementswith low factor
loadings (deﬁned as between −0.3 and 0.3), were considered to be
poorly correlated with the factor and are not shown.
Six factors referred to as F1 to F6 in Fig. 3, were sufﬁcient to account
for 69–72% of soil variabilitywithin soils overlying each parentmaterial,
and no single factor was responsible for N32% of soil variability. The
qualitative amount each sample was inﬂuenced by a factor (the factor
score) for each sample are presented in Supplementary material 5
(SM5).
Hypothesises of the process/processes responsible for each derived
factor (i.e. the inferred inﬂuence of variability) were developed based
on: a) the elements/variables within each factor with high positive or
negative loadings; b) the spatial distribution of samples with high/low
factor scores; c) correlation between elements and geospatial variables
(Table 3); and, d) literature on the historical and geological conditions
in the Study Area.
Based on comparable groupings of elements with strong factor load-
ings, some factors were consistent for soils overlying different parent
materials (Fig. 3), indicating the presence of comparable environmental
or anthropogenic controls on chemical variability in soils of different
areas and geology. For example, weathering (as inferred from the high
factor loadings for immobile elements Fe, Al, Cr and V) was a key factor
in explaining variability for soils overlying all three parent materials
(basalt, siltstone/sandstone and sediments).
Fig. 2.Box andwhisker plots of background concentrations of As, Cu, Cr, Ni,Pb and Zn in soils overlying Tertiary-Quaternary basalt (basalt), Silurian Formation (silt/sandstone) and Tertiary
sediments (sediment) in Ballarat (Ball), Greater Geelong (GG), Greater Melbourne and Mitchell (MM) at depths of 0–0.1 m (surface), 0.3–0.6 m (subsurface) and N0.6 m (deeper).
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metalloids in soils overlying different parent materials were; (i) lateritic
weathering; (ii) leaching of alkali earths: (iii) accumulation of sand in sur-
face soils, (iv) biological/nutrient cycling; (v) topography and urbanisa-
tion. Each of these key factors and its inferred inﬂuence on metal/
metalloid enrichment or depletion is discussed in the following sections.3.2.1. Lateritic weathering
The most predominant factor of variability (F1), for soils overlying
siltstone/sandstone and sediments and the third most predominant
factor (F3) for soils overlying basalt was inferred to represent lateritic
weathering. Immobile elements Fe, Al, Cr and V had strong positive
factor loadings for this factor (Fig. 3). Samples with strong factor scores
Table 2
Relationships between surface and sub-surface concentrations of As, Cu, Cr, Pb, Ni and Zn
in soils of Greater Melbourne, Mitcham, Greater Geelong and Ballarat, Victoria, Australia.
Element As Cu Cr Pb Ni Zn
Spearman correlation coefﬁcient (r)1 0.5 0.63 0.73 0.44 0.82 0.62
Mean surface concentration/ Mean
sub-surface concentration
NAa 1 0.7 2.0 0.7 2.2
1 Surface with subsurface correlation, all correlations were signiﬁcant, P b 0.001.
a Mean enrichmentwasnot calculated for Asdue to thehighnumber of results less than
the Limit of Reporting of 5 mg/kg.
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soils (SM5). Elements that appeared as negative loadings for this factor
included essential nutrients Ca, P, Mn and Zn, which are typically de-
pleted in highly weathered soils (Vance et al., 2016).
Fe oxides, Al oxides and elements Cr and V are known to become
enriched in soil layers that have undergone lateritic weathering
(Charalambos et al., 2013; Taylor and Giles, 1970). Lateritic weathering
involves leaching and dissolution of primary soil minerals during pe-
riods of saturation and reduction, followed by oxidation and precipita-
tion of Fe and Al oxides (Cate and Sukhai, 1964; Eggleton et al., 1987).
As such, factors where Fe, Al, Cr, and V appeared as strong positive load-
ings were inferred to represent the formation of Fe and Al enriched sub-
surface soils by lateritic weathering.
Soil samples overlying basalt of Ballarat had high factor scores (i.e.
strongly inﬂuenced) for the lateritic weathering factor, whereas, soils
overlying basalt of west Melbourne, typically had low factor scores
(SM5) for this factor. The spatial variability of lateritic weathering is
hypothesised to be a result of the age of the basalt lava ﬂow and
weathering conditions (paleoclimates) during soil formation. Most lat-
eritic weathering of soils in the Study Area is thought to have occurred
in the Tertiary period (2.6 to 66 million years ago) when conditions
were approximately 10 °C higher than at present and precipitation
levels were suitable for growth of tropical forests (Butler, 1959; Gill,
1961). Therefore, lava ﬂows during the Tertiary period have been sub-
jected to climates conducive to lateritic weathering, resulting inTable 3
Spearman correlation coefﬁcients for log transformed geospatial variables versus ambient back
and Ballarat, Australia, grouped by underlying bedrock. The measure of signiﬁcance of the corr
Variable As Cr Cu
Depth (m) 0.0–0.1 0.3–0.6 0.0–0.1 0.3–0.6 0.0–0.1
Tertiary–Quaternary basalt
Flatness Index 0.21* – – – –
Weathering Index – – – 0.2* −0.39*
Prescott Index – – – 0.32** –
Elevation – – 0.22** 0.44*** −0.17*
Slope – – 0.17* – 0.22**
Night Light Development Indexa – 0.2* – 0.21* –
Distance to Coasta – – 0.18* 0.34*** –
Silurian silt and sandstone
Flatness 0.22* – – – –
Northness – – – – –
Weathering Index – – – – –
Prescott Index −0.23* – – – –
Elevation – – – – −0.34*
Slope −0.21* – – – –
Fractional Vegetation Cover – – – – 0.28**
Nigh Light Development Index – – – – −0.32*
Distance to Coast – – – – −0.31*
Tertiary sediment
Northness −0.25* – – – –
Prescott Index −0.44*** −0.49*** −0.29* −0.37*** –
Elevation – – – 0.26* –
Nigh Light Development Index – – – 0.31** –
Fractional Vegetation Cover – – – – –
a Positive correlation with Night Light Development Index indicates negative correlation wi
positive correlation with photosynthetic vegetation. Negative correlation with distance to coasaccumulation of immobile elements (Fe, Cr, Al and V) and loss of more
soluble elements (Mn, Zn) in soil. Conversely, soils formed following
the Tertiary period (i.e. from Quaternary age lava ﬂows or from
weathering of steep surfaces of the siltstone/sandstone formation),
have not been subjected to periods of such intense leaching (Gentilli,
1961) and hence have not become enriched in Fe, Al, Cr or V.
Interestingly, As also appearedwith Fe, Cr, Al as a positive loading for
the lateriticweathering factor for soils overlying siltstone and sandstone
(Fig. 3). The co-accumulation of Aswith Fe in soils has been attributed to
the strong binding capacity of Fe oxides (Bose and Sharma, 2002;
Frierdich and Catalano, 2012; Giménez et al., 2007; Hamon et al.,
2004). Therefore, As enrichment in soils overlying siltstone/sandstone
may also be attributed to lateritic weathering and the accumulation of
As with Fe oxides during the formation of Fe rich soils.
3.2.2. Leaching of alkali elements
For soils overlying basalt, themost predominant factor affecting var-
iability (F1) was inferred to be leaching of alkali elements. Calcium, Sr,
Na and Mg had strong factor loadings for this factor.Alkali elements in-
cluding Ca, Na, and Sr are commonly hosted in minerals such as plagio-
clase (from the feldspar group), which are highly susceptible to
chemical weathering (Babechuk et al., 2014). When exposed to precip-
itation, plagioclase minerals breakdown releasing alkali elements,
which then move through the soil with inﬁltration (leaching)
(Eggleton et al., 1987). In dry climates, alkali elements can become
enriched in sub-surface soils, at the depth of inﬁltration (Buol et al.,
2011). Conversely, in wet climates, alkali elements can be leached
from both surface and sub-surface soils. Therefore, factors with strong
loadings for Ca, Sr, Na and/orMgwere interpreted to represent chemical
weathering of solubleminerals; speciﬁcally the hydraulic leaching of al-
kali elements (Ca, Sr and Mg) from surface soils to sub-surface soils
under low inﬁltration conditions (referred to as illuviation) (Duddy,
1980; Short, 1961).
The leaching of the alkali elements factor was the second most pre-
dominant factor for soils overlying sediment (F2) and third factor (F3)
for soils overlying siltstone/sandstone. The Prescott Index for waterground soil metal and metalloid concentrations in Greater Melbourne, Mitcham, Geelong
elation was assessed at P b 0.001 (***), 0.001 ≤P b 0.01 (**) and 0.01 ≤P b 0.05 (*).
Ni Pb Zn
0.3–0.6 0.0–0.1 0.3–0.6 0.0–0.1 0.3–0.6 0.0–0.1 0.3–0.6
– – – – 0.25** –
** −0.22* −0.41*** −0.30*** – 0.28** −0.50*** −0.44***
– −0.21* −0.23** 0.25** 0.27** –
– −0.24** −0.23** 0.2* 0.4*** –
0.25** 0.27** 0.22** – – 0.30*** 0.27**
– – – – 0.33*** –
– −0.29*** – 0.22** 0.46*** –
– – – – – – –
– – – −0.25* – – –
−0.22* −0.28** −0.28** −0.24* −0.32** −0.28** −0.44***
– −0.20* – – – – –
** – −0.23* −0.32** −0.49*** −0.31** −0.45*** –
– – – – – – –
– – – – – – –
* – – – −0.53*** −0.3** −0.22** –
* – – −0.21* −0.49*** −0.25* −0.29** –
– – – – – – –
– −0.32** −0.48*** – −0.22* – −0.28*
– – – – – – –
– – 0.29* −0.39*** – −0.28* –
– – – 0.32** – 0.31** –
th urbanisation. Similarly, negative correlation with fractional vegetation cover indicates
t suggests increased metal/metalloid concentrations when closer to the coast.
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Fig. 3. Factor analysis results for soils (surface and sub-surface soils, combined) overlying the Tertiary-Quaternary basalt (basalt), Silurian siltstone and sandstone (siltstone/sandstone)
and Tertiary sediment (sediment). Factor scores shown on the Y axis. Variables include elevation (E), acidity (H), Fractured Vegetation (Veg), Nightlight Index (NLI), organic matter
(OM), slope (slp), Prescott Index (PI), Flatness Index (Ft), eastness (East) and northness (North). Only strong factor scores (less than−0.3 or N0.3) are presented for each factor.
Factor number, percentage inﬂuence of variability and inferred process of variation (for the ﬁrst 5 factors) shown on the x-axis.
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factor for soils overlying siltstone/sandstone and soils overlying sedi-
ments, suggesting loss of alkali elements (i.e. inverse correlation) from
the soil proﬁle in areas of increased precipitation/leaching. Soils with
high positive loadings for the hydraulic leaching factor generally had a
neutral to alkaline sub-surface pH, whereas soils with strong negative
loadings for this factor were acidic (SM5).
The spatial distribution of locations with high factor scores (where
alkali earths are enriched in sub-surface soils) was hypothesised to be
a result of both current variations in precipitation across the Study
Area, and paleo-weathering conditions. For soil overlying basalt, loca-
tionswith high positive scores for the hydraulic leaching factor occurred
in western Melbourne and northern Geelong (SM5), where soils are
expected to have formed during the Quaternary period, under low inﬁl-
tration/low leaching conditions (Birch, 2003; Buxton et al., 2016). Con-
versely, soils overlying basalt in Ballarat, where the alkali elements are
expected to have been leached, during thewetter climate of the Tertiary
Period (Gill, 1961), had low factor scores for the hydraulic leaching
factor.
Nickel andMgwere also present as positive loadings for the hydrau-
lic leaching factor for soils overlying basalt (Fig. 3). Nickel enrichment in
soils overlying basalt in Victoria, has been attributed to the presence of
olivine (a Mg-Fe silicate mineral) (Mikkonen et al., 2017). The highest
Ni concentrations reported in the current study (maximum of
300 mg/kg) occurred in sub-surface soils of Mt. Buninyong; a relatively
recent, scoria cone volcano in Ballarat. The presence of Ni as a strong
factor loading for hydraulic leaching is consistent with the weathering
of olivine, which has resulted in depletion of Ni in surface soils andenrichment of Ni in sub-surface soils overlying basalt (Fig. 2), due to
hydraulic leaching and illuviation.
Lead appeared as a high negative loading for the hydraulic leaching
factor for soils overlying basalt. Studies have identiﬁed vegetation
cycling (Reimann et al., 2012) and urbanisation as key drivers of Pb
enrichment in surface soils (Davis and Birch, 2011). In comparison,
the results of this study highlight that weathering and hydraulic
leaching may play a key role in the variability of ambient background
Pb concentrations in soils at a regional scale. The highestmedian Pb con-
centrations in surface (21 mg/kg) and sub-surface (18 mg/kg) soils
across the Study Area occurred in the highly weathered basalt soils of
Greater Ballarat. Lead concentrations in soils overlying basalt, were
positively correlated with weathering (sub-surface soils) and the
Prescott Index (both surface and sub-surface soils) (Table 3). Under
high weathering conditions, including wetting and drying, Pb is
adsorbed and immobilised by Fe oxides (Cornu et al., 2009). Therefore,
we suggest that Pb has become enriched in the highly weathered basalt
soils of Ballarat compared with moderately weathered basalt soils of
west Melbourne due to immobilisation and subsequent enrichment
with Fe oxides, rather than the inﬂuence of vegetation or diffuse con-
tamination from mining or use of fossil fuels.
3.2.3. Accumulation of sand in surface soils
Sand and the weathering index were strong positive loadings for the
second factor (F2) of variability for soils overlying siltstone/sandstone.
In addition, sand, As and S were strong negative loadings for the fourth
factor (F4) of variability for soils overlying basalt. Soils with strong
loadings for this factor (inferred to represent enrichment of sand)
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enriched in clays (Cu, Co and Ni) were inversely correlated with sand
for these factors (Fig. 3).The enrichment of sand in surface soils overlying
siltstone/sandstone (F2) was inferred to be predominantly due to illuvia-
tion of clay particles, whereby ﬁne clay and silt particles are leached from
surface soils to underlying soils by inﬁltration (Sauzet et al., 2016).
However, illuviation does not explain the presence of As and S as strong
negative loadings with sand, for factor 4 (F4), for soils overlying basalt.
Basalt typically comprises low sand content (i.e. b5mg/kg) (Jackson
et al., 1972) and low As concentrations, due to chemical partitioning
during magma solidiﬁcation (Goldschmidt, 1954). The presence of
sand in surface soils overlying basalt in Victoria, has been attributed to
alluvial and aeolian transfer of sand from the surrounding landscape
(Jackson et al., 1972).
Arsenic concentrations in surface soils overlying basalt were posi-
tively correlated with the Valley Bottom Flatness Index (Table 3). A
high Valley Bottom Flatness Index is indicative of areas of accumulation
of sediments/alluvial deposits (Gallant and Dowling, 2003). Alluvial and
wetland soils can become enriched in As for several reasons, including
accumulation of ﬁne grained particles typically higher in metals than
coursers soils (Beamer et al., 2012) or immobilisation by metal sul-
phides (also explaining the presence of S as a strong loading for this fac-
tor) (Bauer et al., 2008). In addition, sands in the Study Area, may be
enriched with As due to originating from mineralised (gold bearing)
soils or associated mine tailings (Martin et al., 2016; Sultan, 2007),
which are broadly distributed in the Ballarat area. Reeves et al. (2016)
demonstrated long distance alluvial transportation of As from the gold-
ﬁelds of central Victoria (including areas of Ballarat) to sediments of
Lake Connewarre, located in Greater Geelong (approximately 80 Km
from Ballarat). Research by Reeves et al. (2016) highlighted the exten-
sive redistribution of low level As within the Victorian landscape due
to historic mining activities. Therefore, enrichment of sand and As in
soils overlying basalt of the Study Areawas likely due to alluvial and ae-
olian transport ofmaterial from surrounding parentmaterials, including
mineralised soil associated with gold deposits and/or mine tailings.
3.2.4. Biological cycling and loss of nutrients
The second most predominant factor (F2) of variability for soils
overlying basalt and the third factor (F3) of variability for soils overlying
sediments and siltstone/sandstone was inferred to represent biological
cycling and loss of nutrients. This factorwas characterised by high factor
loadings for Zn, P, Mn and/or organic matter.
Zinc, P and Mn are essential plant nutrients for ﬂora and fauna
(Hafeez, 2013;Millaleo et al., 2010). The distribution of Zn in the hydro-
sphere (John and Conway, 2014) and lithosphere has been shown to be
driven by biological activities. Goldschmidt (1954) described the pro-
cess of biological cycling whereby vegetation growth results in the
translocation of metals, including Zn, from subsoils to surface soils
over time. In addition, high variability of Zn concentrations in surface
soils at a regional scale (Reimann et al., 2000) has been attributed to in-
constant ecological demand and dynamic biological cycling of Zn in the
environment. Surface samples generally had high factor scores for the
biological cycling and nutrient loss factor compared with sub-surface
soils (SM5), further indicating that this factor is associatedwith process-
es at the soil surface. Immobile elements (Fe, Al, Cr) or weathering ap-
peared as inverse loadings for this factor, suggesting loss of nutrient in
highly weathered soils and sub-surface soils.
Alternatively, several studies have found Zn concentrations in surface
soils to be inﬂuenced by diffuse contamination including application of
phosphate fertiliser (Nicholson et al., 2003; Riley et al., 1992). Zinc con-
centrations were not statically enriched in agricultural soils compared
with soils from parks and recreational areas (P = 0.18). Therefore, the
presence of Zn, Mn and P in this factor, in surface soils, was considered
most likely due to correlation with soil fertility/biological cycling and
co-accumulation of Zn to P (Maenpaa et al., 2002), rather than due to
co-contamination from fertiliser application or diffuse contamination.3.2.5. Topography and urbanisation
The 4th and 5th factors of variability for soils overlying siltstone/
sandstone and basalt, respectively, included strong loadings for topo-
graphic variables slope and/or elevation. The Valley Bottom Flatness
Index and Na were inverse loadings for each of these factors, indicating
accumulation of salts in soils in low lying, ﬂat environments. The pre-
dominant ﬂat, low lying areas of the Study Area, are located near the
coast (Fig. 1) and include the city of Greater Melbourne and Greater
Geelong. Therefore, the accumulation of Na in low lying areas, could
both be a result of surface/groundwater discharge, evaporation and/or
deposition of marine aerosols (Reimann et al., 2000).
For soils overlying sediment, the Night Light Development Index
also appeared as a strong factor with elevation (F5) (Fig. 3). The Night
Light Development Index has been used to indicate the level of urbani-
sation, whereby areas with a high Night Light Development Index rep-
resent areas of low urbanisation (Lado et al., 2008). Lead, Zn and S
appeared asnegative loadings for this factor (F5). TheNight LightDevel-
opment Index was signiﬁcantly negatively (P b 0.001) correlated with
Pb concentrations for surface soils overlying sediments (Table 3), but
not signiﬁcantly correlated with sub-surface Pb concentrations. The
negative correlation of Pb and the Night Light Index in surface soils, in-
dicates increased Pb with increased urbanisation, potentially due to at-
mospheric deposition of diffuse contamination (Davis and Birch, 2011).
The strongest loadings for the inferred urbanisation factor (F5), for
soils overlying sediments, occurred in surface soils and were most pre-
dominant in Greater Melbourne compared with Greater Geelong. This is
consistentwith the higher urbanisation inGreaterMelbourne thanGreat-
er Geelong (the density of people/ha in Greater Melbourne is more than
double that of Greater Geelong (Australian Bureau of Statistics, 2016)
and in agreement with ﬁndings from Lado et al. (2008) who reported
that Pb enrichment in soils across Europe were positively correlated
with urbanisation and that this association was likely due to diffuse con-
tamination. The higher factor scores for urbanisation in soils ofMelbourne
comparedwithGeelongwas also consistentwithﬁndings fromBirch et al.
(2015), who found increased diffuse atmospheric contamination of Pb
and Zn within increased trafﬁc and population in areas of Sydney,
Australia (Birch et al., 2015; Davis and Birch, 2011).
However, the highly urbanised areas of Greater Melbourne and
Geelong also correspondwith areas of low elevation (due to the coastal
location of these cities). Therefore, natural accumulation of Pb with ﬁne
sediments or organic enriched soils in low lying areas (Song et al.,
1999), may also be a contributing factor of increased surface soil lead
in Greater Melbourne and Greater Geelong.3.3. Comparison with national background metal/metalloid thresholds
Median background metal/metalloid concentrations in the Study
Area for surface, sub-surface and deeper soils were compared with
NGSA catchment sediments samples from across Australia (Table 4)
(Reimann and de Caritat, 2017). Surface soils of the Study Area were
enriched with Ni (P ≤0.001) and Pb (P = 0.001) compared to surface
soils across Australia (based on comparison of mean concentrations).
In addition, sub-surface soils were enriched with Cr (P b 0.001) and Ni
(P b 0.0001) compared to the NGSA subsurface soils (0.6–0.8 m). Con-
versely, mean Zn and mean Cu concentrations were signiﬁcantly
lower (P b 0.0001) in the surface and soils of the Study Area compared
with mean surface soils of Australia.
Reimann and de Caritat (2017) also noted higher concentrations of
Pb (median of 12.1 mg/kg and 10.7 mg/kg in surface and deeper soils)
in Victoria compared to median Pb concentrations across Australia.
Reimann and de Caritat (2017) proposed that the increased Pb in
Victoria and Tasmania were associated with increased rainfall, in-
creased vegetation and the natural tendency for Pb to accumulate
with organic material. As shown in the previous sections, enrichment
of Pb in the Study Area compared to the national dataset may also be
Table 4
Median ambient background concentrations (mg/kg) ofmetals/metalloids andpH for soils of the StudyArea comparedwithmedians concentrations reported for soils across Australia (the
NGSA) (Reimann and de Caritat, 2017).
Element Tertiary-Quaternary basalt Tertiary sediment Silurian siltstone and sandstone Australia (NGSA)
Depth (m) 0.0–0.1 0.3–0.6 N0.6 0.0–0.1 0.3–0.6 N0.6 0.0–0.1 0.3–0.6 N0.6 0–0.1 0.6–0.8
Al 14,400 26,700 14,000 4310 15,000 NA 6760 15,800 9400 9600 11,800
As b5 b5 b5 b5 b5 b5 b5 5.75 6 1.6 2
Cd b1 b1 b1 b1 b1 b1 b1 b1 b1 0.04 0.03
Cr 44 39 33 10 16 14 14 29 24 23.6 26
Cu 12 10.5 8.4 b5 b5 b5 8 9 9.4 11.2 11.85
Hg b0.1 b0.1 b0.1 b0.1 b0.1 b0.1 b0.1 b0.1 b0.1 0.01 0.01
Fe 33,600 46,600 37,000 6800 9635 2900 16,700 33,700 23,400 16,300 18,300
Pb 15 9.6 8.5 10 7.1 5.7 16 13 12.5 7.22 7.36
Ni 19 26 20 b5 b5 b5 9 12 12 9.8 11.6
Zn 23 15 14 10 7 b5 20 15 15 26.3 26.1
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close proximity to urban areas.
Soils of the Study Area were more acidic than median Australian
conditions; the median pH of sub-surface soils overlying the siltstone/
sandstone, sediment and basalt was 4.5, 5.2 and 6 pH units respectively
(Mikkonen et al., 2017). The median pH of sub-surface soils across
Australia and Victoria is 7 pH units and 5.9 pH units, respectively
(Reimann and de Caritat, 2017). The increased soil acidity in Victoria
has been attributed to increased organic matter, more abundant rainfall
and/or less carbonate based parent materials (Reimann and de Caritat,
2017). It is possible that the acidic conditions in the Study Area have re-
sulted in increasedmetal mobility (Voegelin et al., 2001), leading to rel-
ative depletion of Cu and Zn, compared with median soils of Australia.
Many of the soil samples (62%) collected in the Study Area reported
As concentrations below the limit of reporting of 5 mg/kg. Therefore, As
concentrations were not statistically compared with the Australian
dataset, which used a more appropriate lower limit of reporting of
0.1 mg/kg.
Reimann and de Caritat (2017) provided thresholds of background
concentrations of metals/metalloids for soils of Australia, based on the
upper whisker of a boxplot; including As (16.8 mg/kg), Cr
(149 mg/kg), Cu (109 mg/kg), Ni (121 mg/kg), Pb (53 mg/kg) and Zn
(254mg/kg). Soil concentrations above these thresholds are considered
elevated above typical background concentrations for Australian soils
and require further assessment to evaluate if the elevated concentration
is a result of contamination or natural enrichment (Reimann and de
Caritat, 2017).
Arsenic concentrations for soils overlying sediment, siltstone/
sandstone, or basalt exceeded national background thresholds
(Reimann and de Caritat, 2017) for 23%, 11% and 1% of samples, re-
spectively. Nickel and Cr concentrations in soils overlying basalt
exceeded the national background thresholds for 3.8% and 1.5% of
samples, respectively, and over 1% of samples in soils overlying sed-
iment exceeded the proposed threshold for Pb. Exceedances of the
national thresholds (Reimann and de Caritat, 2017) for other
elements were all b1% and were, therefore, considered rare. This
demonstrates that local, regional speciﬁc, knowledge is required to
support assessment of background enrichment for As, Cr and Ni in
Greater Melbourne, Greater Geelong, Mitchell and Ballarat in
Victoria. In these areas, Summary statistics provided in SM2 and
SM3 may provide an improved understanding of expected back-
ground metal/metalloid concentrations, in these areas.
Reimann and de Caritat (2017) indicated that national level thresh-
olds may not be suitable for comparison of region speciﬁc datasets. The
results of this work show that whilst low resolution national scale
screening thresholds can provide a high level screening tool to identify
samples that may include added contamination, in areas of natural en-
richment, regional or geological speciﬁc thresholds are required to pro-
vide an improved understanding of expected background metal
concentrations and reduce the risk of overestimating the magnitude of
contamination.4. Summary
For theﬁrst time, comprehensive summary statistics have been pub-
lished on expected background metal/metalloid concentrations in the
soils of Victorian, Australia. Use of multivariate analysis statistics on
soils, separated by underlying bedrock, has provided an improved un-
derstanding of where and how metal/metalloid enrichment occurs. In
addition, we have identiﬁed environmental variables indicative of
when soils may be naturally enriched in metals/metalloids at concen-
trations in exceedance of background screening thresholds; as found
here for Cr and As in highly to extremely weathered soils.
The key factors that inﬂuenced ambient backgroundvariability of As,
Cu, Cr, Ni, Pb and Zn in the surveyed soils of Victoria, Australia are
summarised below:
• Arsenic enrichment was attributed to erosion and landscape transfer
of mineralised (gold bearing) soils, including alluvial and aeolian de-
position and accumulation of As with Fe during lateritic weathering.
• Nickel enrichment occurred in soils overlying basalt andwas associat-
ed with the weathering of olivine, and inﬂuence of illuviation,
resulting in Ni enrichment in B horizon soils.
• Chromium enrichment occurred in highly weathered soils and was
likely to have developed during lateritic weathering, due to immobili-
sation with Fe.
• Copper concentrations were negatively correlated with weathering
and precipitation and likely to be inﬂuenced by clay content.
• Lead concentrations in soil were found to be inﬂuenced by multiple
factors including co-accumulation with Fe in the highly weathered
environments, topography and possibly diffuse contamination from
urban areas.
• Zinc concentrations were negatively correlated with weathering and
precipitation, but were indicated to be inﬂuenced by biological cycling,
resulting in enrichment in surface soils compared to sub-surface soils.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2017.12.131.
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6.4 Further consideration and limitations 
The source of the weathering index, described in this chapter was derived from  
Wilford (2012).  The soil weathering index was developed by Wilford (2012) for Australian 
soils using regression models based on airborne gamma-ray spectrometry imagery (including 
estimated concentration of potassium, thorium and uranium) and the Shuttle Radar Topography 
Mission (SRTM) elevation data. 
 
The results of this assessment suggest that some of the soils, or at least some fractions 
of the soils assessed do not originate from the underlying parent material, such as the sandy 
surface soils (described as influenced by the “Sand accumulation Factor”) within soils grouped 
as overlying basalt. However, at the resolution of this survey, the separation of soils by 
underlying bedrock was not considered to significantly limit interpretation of results but rather 
allow for more detailed interrogation of factors driving soil variability than if soils were only 
grouped by region.  
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7.1 Preface 
Generic linear regression models, based on correlation between Cr, Cu, Ni, and Zn and 
Fe have been proposed within the published literature for estimation of background metal 
concentrations in soil. Subsequently, geochemical ratios, proposed by Hamon et al. (2004), 
were incorporated into national government guidance for derivation of soil quality guidelines in 
Australia (NEPC 2013). However, the accuracy of application of generic geochemical indices 
for estimation of ambient background metal concentrations across soils developed in different 
geochemical environments has not been assessed in the peer-reviewed literature. 
Ratios of Cr, Cu, Ni and Zn with Fe for the Survey dataset were compared to ratios 
reported in other soils of Australia and around the world. As the open-source soil data (Chapter 
3) did not include many samples where Fe concentrations had been measured, only the Survey 
dataset (Chapter 2) was used in for the evaluation of geochemical patterns in this Chapter.  
Where linear regression models with a single dependent variable resulted in poor 
correlation, alternative multivariate statistical models for estimation of ambient background 
concentrations of Cr, Cu, Ni and Zn were assessed.  
 
This Chapter has been published in Chemosphere. Supplementary Material for this chapter is 
presented in Appendix B. 
7.2 Publication Four 
Mikkonen, HG, van de Graaff, R, Clarke, BO, Dasika, R, Wallis, CJ & Reichman, SM 2018, 
'Geochemical indices and regression tree models for estimation of ambient background 
concentrations of copper, chromium, nickel and zinc in soil', Chemosphere, vol. 210, pp. 193-
203. https://doi.org/10.1016/j.chemosphere.2018.06.138 
7.3 Abstract 
Geochemical ratios between elements of environmental concern and Fe have been 
recommended for estimation of “background” concentrations of Cr, Cu, Ni and Zn in soil. 
However, little research has been undertaken to assess the consistency of geochemical ratios 
across soils developed in different environments. Broad application of generic geochemical 
ratios could result in under or over estimation of anthropogenic impacts to soil and subsequent 
inaccurate assessment of risk to the environment. A soil survey was undertaken in Victoria, 
Australia, including collection of samples (n=622) from surface (0 to 0.1 m below ground 
level) and sub-surface (0.3 to 0.6 m below ground level) soils, overlying Tertiary-Quaternary 
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basalt, Tertiary sediments and Silurian siltstones and sandstones. Samples were analyzed for 
metals and soil physical and chemical properties (particle size, cation exchange capacity, 
organic matter and pH). Geochemical correlations between elements in soils from different 
parent materials and environments were compared against geochemical relationships reported 
in Australia and internationally. Ratios of Cr and Fe were relatively consistent across parent 
materials, and comparable to published models for estimation of background Cr. Conversely, 
ratios between Cu, Ni, and Zn with Fe, were variable between soils developed in different 
weathering environments and/or soil depths. Alternative regression equations and rule based 
regression tree models were developed as an improved means for prediction of ambient 
background Cu, Ni and Zn concentrations in soil. Ambient background concentrations of Ni 
and Cr were predictable across varied parent materials and depths, allowing these models to be 
extended to soils across Australia and potentially internationally.  
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Assessment of ambient background metal concentrations rep-
resents an important component of environmental risk assessment
and contaminated land management. However, it is often difﬁcult
to distinguish areas of contamination from areas of natural
enrichment due to the broad extent of human disturbance to the
environment and the high natural variability of metal concentra-
tions in soil (Appleton et al., 2008; Ander et al., 2013).
Several authors have identiﬁed strong positive correlation be-
tween background (geogenic) metal concentrations and earth
metals such as Fe in soil (Hamon et al., 2004; Myers and
Thorbjornsen, 2004; Aide, 2005). Hamon et al. (2004) proposed
that generic linear regression models, based on correlation be-
tween Cr, Cu, Ni, and Zn and Fe can be used for estimation of
background metal concentrations in soil. Subsequently, geochem-
ical ratios, proposed by Hamon et al. (2004), were incorporated into
national government guidance for estimation of ambient back-
ground metal concentrations in Australian soils, for derivation of
site speciﬁc ecological risk criteria (NEPC, 2013). However, the ac-
curacy of application of generic geochemical indices for estimation
of ambient background metal concentrations across soils devel-
oped in different geochemical environments has not been assessed
in the peer-reviewed literature.
Positive correlation between metals and Fe in soil has been
attributed to the high metal binding capacity of Fe oxides and
sequestration of metals with Fe oxides during soil formation (Singh
and Gilkes, 1992). However, it is expected that metal to Fe ratios
would be altered by environmental conditions that result in
dissolution of minerals (for example reducing conditions) and/or
conditions which inﬂuence Fe and Mn oxide formation (Liu et al.,
2002; Styriakova et al., 2016). The inﬂuence of changing environ-
mental conditions on the accuracy of estimation of ambient back-
ground metal concentrations using geochemical normalization
with Fe has not been assessed.
Geochemical ratios of metals in soil are typically based on
chemical and mineralogical associations in the natural environ-
ment (i.e. natural geochemical or pedological processes)
(Goldschmidt, 1937; Aide, 2005). Due to broad low level diffuse
contamination associated with anthropogenic activities, metal
concentrations in surface soils collected from urban and regional
areas (at sites away from point sources of contamination) are
considered representative of “ambient background” rather than
“geogenic background” (Rosman et al., 1993; De Deckker et al.,
2010; Stromsoe et al., 2013). However, given the generally low
level of diffuse contamination expected to be present in the envi-
ronment, compared to geogenic variability (Fabian et al., 2017), it is
hypothesized that geochemical ratios can be applied in urban areas
for distinguishing added point source contamination from ambient
background concentrations.
Where geochemical variability cannot be captured by simple
linear geochemical regression equations, (for example in the form
of Log [Cr] ¼ a [Fe] þb) multiple regression techniques including
regression tree models may provide improved estimation of
ambient background concentrations of metals (Meersmans et al.,
2008; Wilford et al., 2015). Regression tree models use rules toseparate data into subgroups with similar characteristics (e.g. soils
with different pH or texture) and then provide multivariate linear
regression equations for each sub-group (Breiman, 1984). Recently,
regression tree methods, utilizing spatial variables (e.g. vegetation
cover, elevation, topography) have been applied for the purpose of
mapping expected soil conditions (Bou Kheir et al., 2014; Wilford
et al., 2015). However, data for spatial variables typically has
limited resolution, for example resolution of 100m 100m
(Gallant and Dowling, 2003; Gallant and Austin, 2012a; b), which
may not be suitable for distinguishing the presence of added
contamination from natural variation, at the scale of environmental
site assessments (i.e. within one paddock or property allotment). To
our knowledge, regression treemodels using geochemical variables
(rather than spatial variables) have not previously been applied for
estimation of ambient background metal concentrations in soil. We
proposed to test the suitability of regression tree models, devel-
oped using geochemical variables, for prediction of background
metal concentrations in speciﬁc soil samples and quantiﬁcation of
added contamination.
Nickel and Cr have been reported to be naturally enriched in
soils of Victoria, Australia (Mikkonen et al., 2017) and therefore
geochemical methods for distinguishing natural enrichment from
added contamination of these metals is of key interest for envi-
ronmental practitioners. The objectives of this study were to
develop geochemical regression models for prediction of ambient
background concentrations of Cu, Cr, Ni and Zn in soils from varied
geochemical environments and parent materials and to identify
environmental or geochemical factors that change expected
geochemical ratios.2. Method
2.1. Soil survey
A background soil survey was undertaken across Greater Mel-
bourne,Mitchell, Ballarat and Greater Geelong, of Victoria, Australia
(Fig. 1). Surface (0.0e0.1m) and sub-surface samples (within the
interval 0.3e0.6m) were collected from 314 locations (n¼ 622).
The sample collection methodology is further described by
Mikkonen et al. (2018b). Within the targeted regions, samples were
grouped based on the mapped underlying bedrock; Tertiary-
Quaternary basalt of the Newer Volcanics (basalt); Tertiary sedi-
ments including the Brighton Group (sediments) and Silurian silt-
stone and sandstone (siltstone and sandstone) (VandenBerg, 1997).
Sample locations targeted areas of least environmental disturbance
away from point sources of contamination including roads, build-
ings and industrial areas (Darnley, 1995).
The pH of soils in the assessment area ranged from 3.2 pH units
to 8.6 pH units and was typically acidic with a median of 4.7 pH
units and 5.25 pH units in surface and sub-surface soils, respec-
tively. Median organic matter content in assessed soils was 7.1% and
1.3% in surface and sub-surface soils, respectively. Soils included
sands (predominantly overlying sediments) to heavy clays over-
lying weathered basalt.
The extent of weathering of a soil can provide an indication of
paleo-geochemical conditions and the degree of metal leaching
Fig. 1. Sample locations, on targeted parent material, in the Study Area including Greater Melbourne, Mitchell, Ballarat and Greater Geelong, of Victoria, Australia.
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location was estimated using the national Weathering Intensity
Index model (Wilford, 2012). The soil Weathering Intensity Index
model was developed for Australian soils, based on airborne
gamma-ray spectrometry imagery, including estimated concen-
tration of potassium, thorium and uranium, and the Shuttle Radar
Topography Mission (SRTM) elevation data. The Weathering In-
tensity Index was shown to accurately distinguish extremely
weathered basalt from moderately weathered basalt ﬂows in Vic-
toria, based on differences in Th and U concentrations (Wilford,
2012).
The physiography of the Study Area and environmental in-
ﬂuences onmetal variability in the Study Area are further described
by Mikkonen et al. (2018b).
2.2. Sample analysis
Each sample was assessed for pseudo-total concentrations of
metals andmetalloids (Al, Sb, As, Ba, Be, B, Cd, Cr, Co, Cu, Fe, Mg,Mn,
Hg, Mo, Ni, Se, Ag, Sr, Tl, Sn, S,Ti, V, Z) by adapted aqua regia digest;
using a 30min digest with HCl:HNO3 (10:4) at 95 C, followed by
addition of hydrogen peroxide and heating for a further 30min, and
analysis by inductively coupled plasma atomic emission spectros-
copy (US EPA, 2014). The adopted aqua regia digest method was
consistent with recommended methods used for environmental
assessment in Australia (NEPC, 2013) and comparable to methods
adopted during relevant background soil surveys including the
National Geochemical Survey of Australia (NGSA) (Reimann and de
Caritat, 2017). Soil physical and chemical properties including pH,
particle size, organic matter (OM) content and cation exchangecapacity (CEC) were also assessed, as described by (Mikkonen et al.,
2018b).
2.3. Analysis of correlation
2.3.1. Single linear regression models
The distribution of background metal concentrations were
generally closest to a lognormal distribution (Mikkonen et al., 2017)
rather than a normal distribution. Therefore, correlation analysis
was undertaken on logged data using the StatDa package in R
(Reimann et al., 2008). Pearson correlation coefﬁcient (r) was used
to identify the strength of relationships between elements and soil
parameters, for soils derived from different parent materials. Cor-
relations between Cu, Cr, Ni and Zn with Fe were compared with
published metal to Fe ratios developed by Hamon et al. (2004) and
provided in Australian Environmental Guidance (NEPC, 2013). In
addition, correlation between Cr and Fe in soil was compared to the
correlation between mean Cr and mean Fe in rocks, based on rock
data collated by Reimann and de Caritat (1998).
Where results were reported below the limit of reporting,
substitution of half the limit or reporting was applied (Mikkonen
et al., 2018a). When assessing linear regression, the substitution
of half the limit of reporting can reduce correlation accuracy
(Helsel, 2012). As the focus of this work was on the estimation of
elevated concentrations of metals, the accuracy of prediction of
metal concentrations below the limit of reporting was not required
to meet the objectives of this work.
2.3.2. Multiple regression models
Multiple regression models for prediction of background metal
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identiﬁed during correlation analysis; sample speciﬁc concentra-
tions of metals/elements, pH, OM and CEC. Comparison of the ac-
curacy of models with different combination of variables was
undertaken using the “Best Subsets” macro in Minitab 17 (Minitab,
2010). The predicted coefﬁcient of determination (R2), Mallows Cp
statistic (Mallows, 1973) and analysis of variance (ANOVA) (where
p< 0.05 was considered statistically signiﬁcant) were used to
evaluate the contribution and value of the different input variables
to the multiple regression models. The predicted R2 was used to
indicate how well the model predicted responses for new obser-
vations. The predicted R2 was calculated by systematically
removing eachmeasured soil concentration result from the dataset,
developing the regression model, without the removed result, then
determining how well the model predicted the removed result (i.e.
soil concentration) (Minitab, 2010). The Mallows Cp statistic
(Mallows, 1973) was used to compare the ﬁt of different models
when using different numbers of variables, whereby a Mallow Cp
result close to or smaller than the number of parameters indicated a
well ﬁtted model (Mallows, 1973).
2.3.3. Regression tree models
In addition to single and multiple regression equations, the
suitability of regression tree models for prediction of background
metal concentrations in soils was assessed. Regression tree models
were developed using the Cubist package in R (Kuhn et al., 2016).
Cubist is a machine learning predictive tool, similar in approach to
regression trees presented in Classiﬁcation and Regression Tree
(CART), by (Breiman, 1984). However, unlike CART, linear models
are developed rather than end values. In addition to geochemical
variables (i.e. metals/elements, pH, OM and CEC), categorical vari-
ables, parent material and sample depth category, were included in
the regression tree models.
2.4. Model selection
Models were developed using all survey results (using surface
and sub-surface soils). For both multiple regression and regression
treemodels, a model of best ﬁt (referred to as the “complex”model)
was ﬁrst developed. Secondly, a simpliﬁed model (referred to as a
“simple” model) was developed using a reduced number of vari-
ables and, in the case of regression tree models, a reduced number
of rules (i.e. branches). The simpliﬁed models were developed to
assess balance between the model error and model complexity.
Simpliﬁed models were tested with and without soil parameters
that are considered additional to standard environmental analysis
suites (such as CEC, OM and soil texture), as soil datasets often do
not include these parameters.
Selected models were recommended based on balancing model
simpliﬁcation with prediction accuracy. This was achieved by
individually comparing the predicted R2, the mean absolute error
and the percentage difference between the modeled result and the
measured concentration.
Models with a predicted R2 of less than 0.5 (i.e. models that
explain less than 50% of the variance) were considered poor and
therefore, not suitable for further review or application. A mini-
mum correlation (R2) of 0.5 is consistent with models recom-
mended by Hamon et al. (2004). The suitability and bias of the
proposed models was discussed, regarding application for estima-
tion of background metal concentrations and quantiﬁcation of
added contamination.
2.5. Model validation
Where the derived model was not speciﬁc to the Study Area (i.e.did not include parent material as a key variable), these models
were further tested using data from the National Geochemical
Survey of Australia (NGSA). The NGSA is an open-access indepen-
dent dataset that comprised surface (0e0.1m) and subsoil
(0.6e0.8m) samples collected from overbank and ﬂoodplain sedi-
ments across Australia. Samples from the NGSA are considered
representative of ambient background concentrations (de Caritat
and Cooper, 2011). The NGSA included analysis of sieved <2mm
soil samples for metals using aqua regia digest (de Caritat and
Cooper, 2011), comparable to analytical methods used for the sur-
vey samples collected during this study. Ten per cent of samples in
the NGSA survey were duplicate samples. These duplicate samples
(“Duplicate 2”) were not included in our model veriﬁcation.
The bias of the selected models for estimation of Cr and Ni were
tested (validated) by using the NGSA dataset, which was indepen-
dent of the survey data set used to develop the models.
The model developed for estimation of ambient background Cu
concentrations was speciﬁc to soil overlying Silurian siltstone and
sandstone. The suitability of using a Ni based geochemical model
for distinguishing Cu contamination from background Cu enrich-
ment, for soils overlying Silurian siltstone and sandstonewas tested
using eight soil samples (four surface and four sub-surface sam-
ples), collected from a horticultural region in the Yarra Valley, east
Greater Melbourne. The eight soil samples from the horticultural
region were not part of the survey data set, but were collected and
assessed using comparable methods to the survey data and were
from within the boundary of the Study Area. Soils of the Yarra
Valley include Cu contamination associated with the application of
Cu-based fungicides during horticultural practices (Wightwick
et al., 2012). The difference between the estimated (modeled)
ambient background Cu concentration and the measured Cu con-
centration in horticultural soils was used to quantify added Cu
contamination to surface and sub-surface soils.
3. Results
3.1. Geochemical correlations
The background soil data set is publicly available at http://doi.
org/10.4225/61/5a3ae6d48570c. Background concentrations of Cu,
Cr, Ni and Zn did not strongly correlate (Pearson r< 0.7) with soil
parameters that are commonly reported to inﬂuence background
metal mobility and enrichment (OM, CEC, or pH) (McBride et al.,
2004), except for the correlation between Ni and CEC in soils
overlying sediments, which had moderate correlation (Pearson
r¼ 0.71), Table 1.
Chromium was strongly correlated with Fe and V (r> 0.85) for
soils overlying each of the assessed parent materials. Interestingly,
the geochemical ratio of mean Cr and mean Fe concentrations in
rocks (Reimann and de Caritat, 1998) were not statistically different
(p¼ 0.7) from the ratio for Cr and Fe in soils (Fig. 2).
Copper was most strongly correlated with Ni in soils overlying
siltstone/sandstone (r¼ 0.81). Nickel was most strongly correlated
with Mg and Co in soils from each parent material (r> 0.76).
Whereas, Zn was generally poorly correlated with other elements,
except for Cu (r¼ 0.72) and Ni (r¼ 0.78) in soils overlying siltstone/
sandstone. Correlation between Zn and Fe was inﬂuenced by
sample depth (P¼<0.001); with double the estimated Zn concen-
trations, when Fe¼ 0% (i.e. the y-intercept) for surface soils
compared to sub-surface soils (Fig. 2).
Correlation between Ni:Fe and Cu:Fe was most variable for soils
overlying basalt (Fig. 2). The variability of Ni:Fe and Cu:Fe in soils
overlying basalt, was related to weathering, whereby Ni:Fe and
Cu:Fe were signiﬁcantly lower in very highly to extremely weath-
ered soils compared to moderately weathered to highly weathered
Table 1
Pearson correlation coefﬁcients (r) between soil element concentrations (logged) and parameters for surface and sub-surface soils of Greater Melbourne, Greater Geelong,
Ballarat and Mitchell. Strong correlation of r> 0.7 (approximately equal to R2 of 0.5), shown in bold.
Metal Bedrock Cr Cu Ni Pb Zn Fe Al Mn Ti Mg Co P S V CEC OM pH Sand Silt Clay
Cr Sediment e 0.23 0.85 0.54 0.15 0.93 0.92 0.45 0.68 0.78 0.71 0.04 0.41 0.95 0.66 0.05 0.56 0.71 0.28 0.82
Silt/sandstone e 0.62 0.69 0.08 0.31 0.88 0.89 0.06 0.38 0.64 0.59 0.23 0.12 0.88 0.37 0.49 0.41 0.45 0.49 0.75
Basalt e 0.5 0.6 0.03 0.22 0.86 0.64 0.28 0.52 0.18 0.58 0.22 0.03 0.82 0.08 0.27 0.05 0.36 0.17 0.23
Cu Sediment 0.23 e 0.44 0.4 0.6 0.24 0.2 0.49 0.3 0.39 0.41 0.49 0.34 0.16 0.38 0.25 0.23 0.12 0.2 0.12
Silt/sandstone 0.62 e 0.81 0.29 0.72 0.57 0.61 0.22 0.24 0.74 0.75 0.12 0.04 0.39 0.45 0.21 0.45 0.45 0.23 0.55
Basalt 0.5 e 0.7 0.1 0.66 0.38 0.63 0.49 0.41 0.53 0.71 0.36 0.09 0.27 0.45 0 0.18 0.21 0.12 0.39
Ni Sediment 0.85 0.44 e 0.51 0.35 0.78 0.78 0.52 0.66 0.83 0.91 0.12 0.37 0.79 0.71 0.05 0.64 0.64 0.14 0.73
Silt/sandstone 0.69 0.81 e 0.29 0.78 0.69 0.62 0.44 0.32 0.85 0.87 0.19 0.01 0.45 0.47 0.17 0.49 0.42 0.22 0.46
Basalt 0.6 0.7 e 0.43 0.57 0.5 0.76 0.38 0.62 0.76 0.76 0.2 0.04 0.33 0.54 0.08 0.43 0.11 0.27 0.38
Zn Sediment 0.15 0.6 0.35 0.64 e 0.18 0.16 0.68 0.25 0.4 0.32 0.61 0.49 0.11 0.44 0.42 0.23 0.07 0.23 0.03
Silt/sandstone 0.31 0.72 0.78 0.51 e 0.36 0.26 0.57 0.11 0.65 0.67 0.5 0.22 0.04 0.39 0.12 0.3 0.32 0.12 0.13
Basalt 0.22 0.66 0.57 0.01 e 0.21 0.37 0.53 0.59 0.47 0.51 0.6 0.31 0.06 0.25 0.36 0.04 0.1 0.11 0
H.G. Mikkonen et al. / Chemosphere 210 (2018) 193e203 197soils (P< 0.001) (Fig. 2).3.2. Models for prediction of background Cr, Cu, Ni and Zn
The accuracy and simplicity of linear regression, multiple
regression and regression treemodels for estimation of background
Cr, Cu, Ni and Zn was compared (Appendix 1). A summary of
selected models for estimation of ambient background concentra-
tions of Cu, Cr, Ni and Zn is presented in Table 2. Recommendation
of the suitability and applicability of the models are also noted in
Table 2.
For estimation of ambient background Cr in soil, the best ﬁt
regression tree model had similar accuracy (R2¼ 0.88) to the sim-
ple linear regression model with Fe (R2¼ 0.84), which required less
chemical analysis and was easier to compute (Appendix 1).
Therefore, simple linear correlation of Cr with Fe was recom-
mended as the most practical method for estimation of ambient
background Cr in soil. However, the accuracy of Cr estimation
decreased with increasing Fe, whereby Cr was generally under-
estimatedwhen Fe concentrations were high (i.e. greater than 9.1%)
(Fig. 2a).
The accuracy of models for estimation of ambient background
Cu were improved by separating soils by parent material (e.g. R2
increased by approx. 10%, when developing a soil speciﬁc model for
soils overlying siltstone/sandstones, Appendix 1). Single regression
models between Cu and Niwere amongst themost accuratemodels
for estimation of background Cu in soils overlying Silurian siltstone
and sandstone and could explain up to 66% of the Cu variability
(Table 2).
Ambient background concentrations of Ni in soil generally
increased within increasing Fe concentrations (R2¼ 0.56). Howev-
er, the accuracy of estimating background Ni concentrations via
correlation with Fe decreased with increasing Ni concentrations
(Fig. 2c), in particular Ni concentrations were underestimated
when Fe concentrations were greater than 1%. Similarly, although
estimation of Ni using multiple regression, reported a strong R
correlation (R2¼ 0.89), accuracy of the model was poor when Ni
concentrations were high (mean error of model increased from
7mg/kg to 38mg/kg where measured Ni> 80mg/kg). A regression
tree model with 3 branches was found to be most accurate for
prediction of Ni in naturally enriched soils (mean error 27mg/kg
when measured Ni> 80mg/kg) (Table 2).
All assessed models underestimated ambient background con-
centrations of Zn in surface soils, particularly when measured Zn
exceeded 100mg/kg, indicating that the geochemical variables
were not sufﬁcient to account for elevated Zn in surface soils.
Limiting the dataset to sub-surface soils, greatly improved the ac-
curacy of the regression the tree model (R2 increased from 0.6 to0.85) for estimation of background Zn (Table 2).3.3. Model validation
The linear model for estimation of background Cr concentra-
tions in soil and the regression tree model for estimation of back-
ground Ni concentrations in soil were validated using the NGSA
dataset (de Caritat and Cooper, 2011) (Fig. 3). The NGSA dataset did
not include analysis of Ti concentrations using an aqua regia digest.
Therefore, the regression treemodel for estimation of Ni was tested
with exclusion of Ti from the model. The removal of Ti from the
regression treemodel (Table 2) resulted in a very small reduction in
model accuracy (increase in mean error of 0.4mg/kg, shown in
Appendix 1) and was therefore was considered applicable for
model validation.
The accuracy of the preferred model from the current study and
Hamon et al. (2004) model for estimation of background Cr in soil
were comparable when tested on soils from across Australia
(NGSA), with a mean error of 16.6mg/kg and 16.8mg/kg, respec-
tively. Both models by Hamon et al. (2004)) and themodel from the
current study underestimated Cr, when soils had high Cr concen-
trations (i.e.> 200mg/kg). The maximum error for our model was
1477mg/kg and the maximum error of the model by Hamon et al.
(2004) was 1512mg/kg.
The proposed regression tree model was suitable for estimation
Ni in soils across Australia (based on the NGSA dataset). The mean
error for estimation of Ni by the regression tree model for soils
across Australia was 7.5mg/kg with 95% of modeled Ni concen-
trations estimated within 22.2mg/kg of the measured result. For
soils with low background concentrations of Ni (measured
Ni< 10mg/kg), the regression tree model was more likely to over-
estimate Ni concentrations, in exceedance of 50% of the measured
result, compared to estimated Ni using the model by Hamon et al.
(2004). However, where Ni concentrations were high (the upper
25% of Ni concentrations) estimates of ambient background Ni
using our regression tree model were superior to estimates of Ni
using the model by Hamon et al. (2004), (mean error of 12mg/kg,
compared to 17mg/kg, respectively). Where background Ni con-
centrations were naturally elevated above 60mg/kg, estimated Ni
concentrations, based on our regression tree model, were within
50% of the measured result. Alternatively, published correlation
between Ni and Fe (Hamon et al., 2004) consistently under-
estimated background Ni at all locations where Ni concentrations
exceeded 60mg/kg (Fig. 3).
The regression tree and multiple regression models proposed
for estimation of Zn in soils of the Study Area, included the variable
phosphorous (measured using aqua regia digest). Phosphorous was
not included in the NGSA dataset and removal of phosphorous from
Fig. 2. Correlation between Cr, Cu, Ni and Zn and Fe for surface and sub-surface soils overlying Tertiary-Quaternary basalt (Qvn), Silurian siltstone and sandstone (Sud/Sla) and
Tertiary sediments (Tpb) (a,b,c,d, respectively). Mean Fe and Cr in Bedrock (shown in ﬁgure a) derived from Reimann and de Caritat (1998). Correlation between Ni and Fe and Cu
and Fe for soils grouped by estimated Weathering Index (e,f) for unweathered (UW), slightly (S), moderately (M), highly (H), very highly (VH) and intensely (I) weathered (W) soils.
Weathering Index derived from maps developed by Wilford (2012). Results below the limit of reporting were substituted with half the limit of reporting.
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Therefore, there was no suitable dataset for validation of the pro-
posed Zn model. No further validation of the proposed models for
estimation of background Zn was undertaken.
The proposed model for estimation of ambient background Cu
in soil was parent material speciﬁc and therefore was not tested on
the NGSA dataset.3.4. Evaluation of model for distinguishing copper contamination
from background
The proposed model for estimation of ambient background Cu
in soil was tested using soil samples from four locations in the Yarra
Valley region, where Cu fungicides were used during historic hor-
ticultural practices (Fig. 4) (Wightwick et al., 2012). The soils at each
of these locations were mapped to overlay siltstone and sandstone
Table 2
Selected models for estimation of ambient background concentrations of Cr, Cu, Ni and Zn (mg/kg), for soils of the Study Area, including predicted R2, mean absolute error and
recommendation of model suitability.
Metal Model Summary R2 Error Notes and Recommendation of Model Suitability
Cr Simple Regression Model.
Log [Cr] ¼ 0.9log [Fe%] þ1.15
0.84 14.6 Increased underestimation of Cr when Fe concentrations are high (i.e.
Fe> 9.1%).
Development of a site speciﬁc model recommended in very highly
weathered to extremely weathered soils.
Cu Simple Regression Model.
Log [Cu] ¼ 0.67log [Ni] þ0.22
0.66 3.2 Suitable for soils overlying Silurian siltstone/sandstone, within the
Study Area.
Ni Multiple Regression Model.
Log [Ni] ¼ 0.8098 þ 0.6146 log [Co] þ 0.4572log [ Mg]
0.89 7 Suitable when Ni concentrations are estimated to be low, <80mg/kg
(increased error where Ni enrichment is present).
Ni Regression Tree Model. 3 rules using variables Co, Mg, Mn, Cr, Fe, Ti
Rule 1: if Co 16mg/kg
Then Ni ¼ 0.7 þ 1.3 Co þ 0.0027 Mg þ 0.0035 Ti þ 0.043 Cr - 0.0011
Mn
Mean error ±3mg/kg
Rule 2: if Co > 16mg/kg and Mg 1730mg/kg
Then Ni ¼ 7.2 þ 0.0075 Mg þ 0.73 Co þ 0.141 Cr þ 0.0048 Ti - 0.0101
Mn - 3e-005 Fe
Mean error ±11.2mg/kg
Rule 3: if Co > 16mg/kg and Mg> 1730mg/kg
Then Ni ¼ 10.1 þ 1.31 Co þ 0.0043 Mg þ 0.217 Cr - 0.0139
Mn þ 0.0055 Ti
Mean error ±17.7mg/kg
Element units in mg/kg except where speciﬁed otherwise.
0.86 6.5 Preferred model for estimation of Ni. Model validated on national soil
data set (NGSA).
Although similar R2 and mean error to simpler multiple regression
equations, this model has greater accuracy at high Ni concentrations.
Zn Regression Tree Model. 4 Rules using Ni, CEC, F, pH, Al, Cr, P, Na, K, Mg
Rule 1: if CEC >9.1 and Ni 21
Then Zn ¼ 4.02 þ 0.559 Ni þ 0.0411 P - 0.082 Cr þ 0.004 F - 0.4 pH - 3e-
005 Al
Rule 2: if CEC 9.1 and Ni 21
Then Zn ¼ 1.64 þ 1.502 Ni - 0.114 Cr þ 0.017 F þ 0.0046 P - 0.3 pH - 2e-
005 Al
Rule 3: if CEC >6.6 and Ni> 21
Then Zn ¼ 33.83 þ 0.196 Ni þ 0.00181 Mg - 3.8 pH - 0.34
CEC þ0.0133 P þ 0.002 K - 0.046 Cr - 0.0018 Na þ 0.011 F - 2e-005 Al
Rule 4: CEC 6.6 and Ni> 21
Then Zn ¼ 27.19 þ 1.112 Ni þ 0.106 F
0.79 6.8 Suitable for sub-surface soils (0.3e0.6m). Not suitable for surface soils of
the Study Area.
Model includes P, which could potentially be a co-contaminant.
Fig. 3. Validation of our model and Hamon et al. (2004) best ﬁt model for estimation of Cr and Ni, in surface (0e0.1) and sub-soils (0.6e0.8m) from across Australia (de Caritat and
Cooper, 2011). Red, solid lines represent plus and minus 50% of the measured result, dotted line represents Y¼X, solid line is linear model of best ﬁt (equations shown). (For
interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version of this article.)
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Fig. 4. Measured Cu concentrations in surface (0.0e0.1 m) and sub-surface
(0.3e0.6 m) for soil samples from four locations, historically used for horticulture, in
the Yarra Valley Region, Greater Melbourne. Estimated Cu calculated using equation
Log [Cu] ¼ 0.67log [Ni] þ0.22 (mean error of 3.2 mg/kg) (Table 2). Added Cu con-
centration¼Measured Cu concentration e Estimated Cu concentration.
H.G. Mikkonen et al. / Chemosphere 210 (2018) 193e203200and therefore considered suitable for the recommend Cu model, as
proposed in Table 2. The modeled background Cu concentration
was subtracted from the measured Cu concentration for each
sampling point. It was found that surface soils of the Yarra Valley
included 20mg/kg to 30mg/kg of added Cu contamination and
sub-surface soils included 0.2mg/kg to 12.2mg/kg of added Cu
(Fig. 4) compared to predicted ambient background concentrations.
4. Discussion
Due to soil formation processes ambient background metals in
soil can be highly variable, even within a localized area (Reimann
et al., 2009; Mikkonen et al., 2018b). Environmental assessors are
often required to distinguish soils that are naturally enriched from
soils that are contaminated. The results of this study show that
simple linear regression models and regression tree models using
geochemical variables can be used to estimate background metal
concentrations of Cu, Cr, Ni and Zn in soils. The proposed
geochemical models can therefore support assessment of whether
elevated metal concentrations are a result of natural variability or
added contamination.
There are no broadly agreed rules for what level of correlation or
uncertainty of a model is necessary for estimation of soil parame-
ters or background metal concentrations. The acceptable level of
uncertainty of a model depends on how the information is to be
used and the magnitude of acceptable error or model bias. As such
this paper does not include detailed evaluation of whether the level
of uncertainty in the provided background metal estimates is
acceptable, but rather provides comment on the mean magnitude
of bias and key circumstances or environments when the model
bias is likely to be greater than the mean (i.e. circumstances where
positive or negative bias is high).
4.1. Estimation of ambient background Cr concentrations in soil
The strong correlation between Cr and Fe concentrations in soils
of the Study Area and soils from across Australia (Fig. 3) supports
the growing body of evidence that ambient background Cr and Fe
are present at relatively consistent ratios in soils irrespective of
geochemical environment, parent material and geographical loca-
tion (i.e. country) (Hamon et al., 2004; Myers and Thorbjornsen,2004). The accuracy of prediction of background Cr, decreased
with increasing Fe concentrations (Figs. 2 and 3). Therefore, while a
generic Cr to Fe equation (Table 2) is useful for understanding ex-
pected Cr variability between soils, the proposed model should be
used with caution where Fe concentrations are high (i.e> 9%).
Underestimation of Cr occurred predominantly in soils over-
lying the Tertiary-Quaternary basalts of Ballarat andMitchell. These
locations included areas that have undergone lateritic weathering,
resulting in iron-stone formation (Mikkonen et al., 2018b). In
extremely weathered soils, such as the basalts of Ballarat (Wilford,
2012) or in mineral-rich areas of Australia (Hamon et al., 2004), the
ratios of Cr to Fe may be higher than estimated by the generic
models proposed here and by Hamon et al. (2004). In highly to
extremely weathered environments where ambient background
metal quantiﬁcation is required, we suggest that soil type speciﬁc
regression models be developed and validated to avoid underesti-
mation of background Cr concentrations.
Previously, strong correlations between Cr and Fe have been
attributed to sequestration of Cr with Fe oxides during soil for-
mation (Hamon et al., 2004). In the current study, we show that
ratios of Cr and Fe were comparable in soils and rocks from
different geological origins (Fig. 2). Therefore, the observed strong
correlation between Cr and Fe in soil is likely due to the presence of
consistent ratios of Cr and Fe in soil parent material or bedrock and
co -enrichment of Cr with Fe during soil formation due to the
resistance of common Cr/Fe minerals, such as chromite (FeCr2O4),
and magnetite (Fe2þFe3þ2O4), rather than sequestration of Cr with
Fe.
4.2. Estimation of Cu, Ni and Zn using normalization with Fe
Ratios between Cu, Ni and Zn concentrations in soils of the
Study Area were not consistent with published geochemical
indices, including geochemical regression equations recommended
in Australian guidance for prediction of background metal con-
centrations (Hamon et al., 2004; NEPC, 2013). The ratios Ni:Fe and
Cu:Fe were inﬂuenced by geochemical weathering, whereby the
relative proportions of Ni and Cu to Fe were lower in very highly to
extremely weathered environments compared to less weathered
soils (Fig. 2). The lowest Cu to Fe ratios in soils of the Study Area
were reported for soils overlying Tertiary sediments. That is, in soils
formed during a high rainfall climate conducive to lateritic
weathering approximately 65 million to 2.588 million years ago
(Butler, 1959; Gill, 1961). In oxidizing and semi oxidizing environ-
ments Cu and Ni are typically bound to Feeoxides resulting in co-
enrichment (Singh and Gilkes, 1992; Singh et al., 2000). However,
in reducing and/or acidic conditions, Cu and Ni are mobilized and
with sufﬁcient leaching, can be lost from the soil proﬁle, resulting
in reduced ratios, Cu:Fe and Ni:Fe (Braun et al., 2012). Thus, where
soils have been exposed to changing redox conditions and
increased acidity over time, it is likely that Ni and Cu will have been
lost from the proﬁle relative to Fe (Rinklebe and Shaheen, 2017),
resulting in inconsistent geochemical indices between soils from
different weathering environments. Therefore, application of
generic geochemical ratios with Fe for estimation of background Ni
and Cu is not appropriate for soils that have undergone intense
weathering such as laterites and Tertiary sediments in parts of
Australia.
Ratios of Zn and Fe were higher in surface soils (0.0e0.1m)
compared to sub-surface soils (0.3e0.6m). Enrichment of surface
soils with Zn relative to the subsurface soil has been attributed to
biological cycling by plants (Blaser et al., 2000), and/or diffuse
contamination, including the use of phosphate fertilizers and
smelting activities (Heyvaert et al., 2000). Previously published
correlations between Zn and Fe (Hamon et al., 2004) were derived
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(2004) purposely excluded agricultural soils and urban soils from
their dataset, due to the potential for soils from urban or agricul-
tural areas to include diffuse Zn contamination from the burning of
fossil fuels and use of phosphate fertilizers, respectively (McGrath
and Tunney, 2010). Soil samples collected during this study
included soils from agricultural and urban areas where diffuse Zn
impacts to soil are present (Nicholson et al., 2003; Davis and Birch,
2011). Therefore, the increased Zn to Fe ratio observed in surface
soils may be indicative of diffuse Zn contamination.
Phosphorous was a key variable in the regression models
developed for estimation of background Zn (Table 2). The strong
positive correlation between Zn and phosphorous may be due to:
(i) biological cycling, whereby soils high in phosphorous support
increased vegetation (ii) application of phosphate fertilizers, typi-
cally enriched with Zn (Nicholson et al., 2003; McGrath and
Tunney, 2010) and/or (iii) sequestration and subsequent accumu-
lation of Zn with phosphates in soil (Blaser et al., 2000). The un-
certainty of the cause of correlation between Zn and P and the high
variability of Zn in soils, suggests that geochemical models are not
suitable for prediction of Zn in surface soils unless other trace el-
ements can be found that capture variability caused by biological
cycling and/or potential diffuse contamination. This study has
provided a regression tree model for the prediction of background
Zn in sub-surface soils. Alternative methods such as isotope anal-
ysis (Juillot et al., 2011) or sediment cores (Birch et al., 2015) could
be used to support estimation of background Zn contamination in
surface soils. The model presented for estimation of Zn in sub-
surface soils was not tested or validated on soils outside the
Study Area or outside of Australia. Therefore, the applicability of
this model for application globally requires further assessment.
4.3. Regression tree model for estimating ambient background Ni
concentrations in soil
Goldschmidt (1937) proposed that due to its chemical size and
charge, Ni2þ can pass into Mg silicate crystals (including olivine) at
a similar selectivity to Mg2þ, resulting in Ni concentrations being
roughly proportional to Mg in magmatic minerals. Background Ni
concentrations in soils overlying basalt were naturally enriched
compared tomedian Ni concentrations in Australian soils (Reimann
and de Caritat, 2017) (P< 0.05). The natural enrichment of Ni in the
Study Area has been attributed to the weathering of Ni rich min-
erals from alkaline basalts, including olivine (Mikkonen et al.,
2017). The observed strong correlation between Ni and Mg
(Table 1) is consistent with Goldschmidt (1937) theory and sup-
ports previous studies that cited olivine (a magnesium silicate
mineral) as a key source of Ni enrichment in basalt soils of Victoria
(Mikkonen et al., 2017).
A simple regression model using Co and Mg for prediction of Ni
was more accurate than the estimation of Ni as a regressionwith Fe
(Fig. 2 and Table 2). Nickel and Mg have been found to have similar
chemical behavior in reducing conditions (Rinklebe and Shaheen,
2017). As discussed above, extreme weathering and leaching of
soils of Victoria may have resulted in dissociation of Ni from Fe
oxides, resulting in variable ratios of Ni:Fe in soils of different
weathering extent. Here we show that ratios between Mg and Co,
which are likely to be leached in similar conditions to Ni, are less
changed by soil weathering. Therefore, Mg and Co may be suitable
geochemical normalisers for estimation of background Ni across
varying soils weathering conditions.
Estimation of background metal concentrations in soil is typi-
cally of most concern when background metal concentrations are
high, i.e. above environmental assessment threshold limits. The
proposed regression tree model for Ni was suitable for capturingsoil variability and could predict Ni concentrations within 50% of
the measured result (86% of estimated concentrations were within
50% of the measured concentration), with improved accuracy
(based on % variance) when Ni concentrations were high (above
100mg/kg). The validation of the model using the NGSA dataset
indicated that, the proposed regression tree model (Table 2)
correctly identiﬁed soil samples that were naturally enriched with
Ni collected across Australia (top 25% of results were estimated
within 50% of measured concentration). Conversely, estimation of
Ni concentrations based on normalization with Fe (Hamon et al.,
2004) did not consistently identify Ni enrichment.
Based on the results of the model validation with the NGSA
dataset, the proposed regression tree model (Table 2) can be used
on soils derived from different regions and environments
throughout Australia to support an understanding of background
Ni concentrations. However, as when applying any predictive
model, an understanding of the accuracy of the model and envi-
ronmental scenarios where error may be increased must be
considered. Thus, where environmental conditions are not com-
parable to those assessed here (i.e. this study did not include
assessment of soils high in peat, organic matter or serpentine soils)
then site or soil type speciﬁc predictive models may be required. In
addition, variables included within geochemical models or
regression tree models must not be co-contaminants. Given the
increased heterogeneity of soils at a global scale (Hengl et al.),
further investigation would be required to assess whether the
geochemical ratios reported here for soils of Australia, are appli-
cable to soils from other areas of the world.
4.4. Quantiﬁcation of Cu contamination using normalization with
Ni
Copper was moderately to strongly correlated with Co, Ni and
Mg in soils overlying basalt and siltstone/sandstone. Given the
similar ionic radius, charge and mass of Cu and Ni the co-
accumulation of Cu and Ni in alluvial sandstone/siltstone soils is
not surprising (Goldschmidt, 1954). As such, the correlation of Cu
and Ni does not suggest that Cu is enriched due to Ni enrichment
(i.e. causation), but rather that the environmental conditions have
been suitable for both Cu and Ni to enriched.
Copper and Ni ratios were not consistent between soils over-
lying different parent material (Table 1), indicating that parent
material speciﬁc models should be developed, unless variability
between soils from other parent material are captured by incor-
poration of additional soil variables, not assessed here.
A regression equation for prediction of Cu on soils overlying
siltstone/sandstone was developed (Table 2). The suitability of us-
ing a Ni based geochemical model for distinguishing Cu contami-
nation from background Cu enrichment for soils overlying the
Silurian siltstone and sandstone was tested using eight soil samples
which were potentially impacted by Cu contamination due historic
application of Cu based fungicides (Wightwick et al., 2012). Based
on the modeled Cu concentrations, it was indicated that the surface
soils of the Yarra Valley included 20e30mg/kg of added Cu
contamination (Fig. 4). These estimated Cu concentrations were in
agreement with assessment sediments at background sites within
the Yarra Valley with reported Cu concentrations of 6.7e16.8mg/kg
(Wightwick et al., 2012). Sub-surface soils comprised less added Cu
(added Cu contamination estimated to be 0.2e12.2mg/kg± 4mg/
kg), however measured Cu concentrations in sub-surface soils in
horticultural areas were signiﬁcantly greater than estimated
ambient background Cu concentrations, indicating that, Cu
contamination has leached to sub surface soil. The results of this
case study suggest that the quantity of Cu contamination in soils
can be estimated using parent material speciﬁc geochemical ratios
H.G. Mikkonen et al. / Chemosphere 210 (2018) 193e203202with Ni, where Ni is not a co-contaminant.
5. Conclusions
Regression models have been developed to allow estimation of
ambient background concentrations of Cu, Cr and Ni in soils and for
differentiating natural metal enrichment from anthropogenic
contributions. In highly weathers soils, previously generic
geochemical indices may overestimate background concentrations
of Cu and Ni, resulting in underestimation of anthropogenic
contamination.
Here we have presented a regression tree model for improved
accuracy for estimation of background Ni, especially for soils where
Ni is naturally enriched. This model has shown to be useful for
estimation of Ni across Australia, but requires further validation to
assess applicability for application on international soils. The pro-
posed model for estimation of background Ni, was not tested for its
suitability in serpentine soils where Nimay be naturally enriched at
much higher concentrations than those assessed here.
In addition, we have shown that linear correlation between Ni
and Cu, in soils overlying similar parent material may support
quantiﬁcation of added Cu contamination (where Ni is not a co-
contaminant). However, we note that the variables used in the
models presented are based on correlation and are not necessarily
associated with the cause of metal enrichment.
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7.4 Supporting Information 
In Figure 2 of this chapter, the linear model by Hamon et al. (2008) is represented by a 
dashed line and the predicted upper limit (Hamon et al. 2008) is shown as a dotted line.  
Correlation between the soil survey dataset (as presented in Figure 2) is shown by the solid 
line and described by the printed equation.  
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8.1  Preface 
Ambient background concentrations of F have been identified as enriched in multiple 
areas of the world (Battaleb-Looie et al. 2012; Fawell 2006; Jha 2012; Reimann et al. 2003). 
Elevated concentration of F in soils and rock can result in groundwater contamination 
(Meenakshi et al. 2004), disease in grazing animals and potential increases in Al toxicity to 
plants (Death et al. 2015; Stevens, McLaughlin & Alston 1997). However, few regional scale 
ambient background soil surveys have assessed the spatial distribution or drivers of ambient 
background F concentrations in soils.  
In developed areas, there are many potential anthropogenic sources of diffuse F 
contamination, including aluminium smelters (Brougham et al. 2013; Haidouti 1991), brick, 
ceramic and fertiliser industries (Jha et al. 2008; Mirlean & Roisenberg 2007) and coal burning 
industries/residences (Chen et al. 2013). In this Chapter the environmental and anthropogenic 
controls of F variability in soils of the Assessment Area are evaluated. In addition, correlations 
between F concentrations and other soil elements and parameters are used to identify patterns 
in F enrichment and to provide a means of estimating background concentrations of F where 
added contamination is expected.  
 
This Chapter has been published in Environmental Pollution. Supplementary Material 
for this chapter is presented in Appendix B. 
8.2 Publication Five 
Mikkonen HG, van de Graaff R, Mikkonen AT, Clarke BO, Dasika R, Wallis CJ, Reichman 
SM. Environmental and anthropogenic influences on ambient background concentrations of 
fluoride in soil. Environmental Pollution 2018, doi.org/10.1016/j.envpol.2018.07.083, in press. 
8.3 Abstract 
Excess exposure to fluoride causes substantive health burden in humans and livestock 
globally. However, few studies have assessed the distribution and controls of variability of 
ambient background concentrations of fluoride in soil. Ambient background concentrations of 
fluoride in soil were collated for Greater Melbourne, Greater Geelong, Ballarat and Mitchell in 
Victoria, Australia (n = 1005). Correlation analysis and machine learning techniques were used 
to identify environmental and anthropogenic influences of fluoride variability in soil. Sub-soils 
(>0.3 m deep), in some areas overlying siltstone and sandstone, and to a lesser extent, overlying 
basalt, were naturally enriched with fluoride at concentrations above ecological thresholds for 
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grazing animals. Soil fluoride enrichment was predominantly influenced by parent material 
(mineralogy), precipitation (illuviation), leaching during palaeoclimates and marine inputs. 
Industrial air pollution did not significantly influence ambient background concentrations of 
fluoride at a regional scale. However, agricultural practices (potentially the use of phosphate 
fertilisers) were indicated to have resulted in added fluoride to surface soils overlying 
sediments. Geospatial variables alone were not sufficient to accurately model ambient 
background soil fluoride concentrations. A multiple regression model based on soil chemistry 
and parent material was shown to accurately predict ambient background fluoride 
concentrations in soils and support assessment of fluoride enrichment in the environment.   
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Excess exposure to ﬂuoride causes substantive health burden in humans and livestock globally. However,
few studies have assessed the distribution and controls of variability of ambient background concen-
trations of ﬂuoride in soil. Ambient background concentrations of ﬂuoride in soil were collated for
Greater Melbourne, Greater Geelong, Ballarat and Mitchell in Victoria, Australia (n¼ 1005). Correlation
analysis and machine learning techniques were used to identify environmental and anthropogenic in-
ﬂuences of ﬂuoride variability in soil. Sub-soils (>0.3m deep), in some areas overlying siltstone and
sandstone, and to a lesser extent, overlying basalt, were naturally enriched with ﬂuoride at concentra-
tions above ecological thresholds for grazing animals. Soil ﬂuoride enrichment was predominantly
inﬂuenced by parent material (mineralogy), precipitation (illuviation), leaching during palaeoclimates
and marine inputs. Industrial air pollution did not signiﬁcantly inﬂuence ambient background concen-
trations of ﬂuoride at a regional scale. However, agricultural practices (potentially the use of phosphate
fertilisers) were indicated to have resulted in added ﬂuoride to surface soils overlying sediments. Geo-
spatial variables alone were not sufﬁcient to accurately model ambient background soil ﬂuoride con-
centrations. A multiple regression model based on soil chemistry and parent material was shown to
accurately predict ambient background ﬂuoride concentrations in soils and support assessment of
ﬂuoride enrichment in the environment.
© 2018 Elsevier Ltd. All rights reserved.1. Introduction
Soils that are enriched in ﬂuoride can pose a health risk to
humans and livestock, due to direct consumption/inhalation,
accumulation in/on edible plants or leaching to drinking water
(Meenakshi et al., 2004; Izuora et al., 2011; Allibone et al., 2012).
The identiﬁcation of areas and inﬂuences of ﬂuoride enrichment, in
soil, can support the development of improved management stra-
tegies for reducing human and ecological exposure to excess ﬂuo-
ride (Jacks et al., 2005). However, few soil surveys have assessed thee by Bernd Nowack.
MIT University, Melbourne,
Reichman).distribution of ambient background ﬂuoride or the environmental/
anthropogenic variables potentially inﬂuencing ambient back-
ground ﬂuoride concentrations at a local (0.5e500 km2) or regional
scale (500e500,000 km2).
Fluoride can become naturally enriched in soils due to the
weathering of ﬂuoride containing parent material/minerals (Fuge
and Andrews, 1988; Jacks et al., 2005), deposition of volcanic
emissions (Cronin et al., 2003), evaporation of surface waters
(Raﬁque et al., 2015) and/or deposition of marine or crustal aerosols
(Lewandowska et al., 2013). Rocks (including soil parent materials)
containing ﬂuoride rich minerals are considered the largest natural
source of ﬂuoride to the environment (Ozsvath, 2009). Common
mineral sources of ﬂuoride include (but are not limited to) ﬂuorite
(CaF2), apatite [Ca5(PO4)3(F,Cl,OH)] and micas (Thomas et al., 1977).
Fluorite is a primary mineral in granites (mean ﬂuoride
H.G. Mikkonen et al. / Environmental Pollution 242 (2018) 1838e1849 1839concentration of 800mg/kg) and other igneous rocks (Koljonen,
1992). Fluorite is also a common minor constituent of dolomite
and limestone (mean ﬂuoride concentration of 330mg/kg)
(Levinson, 1980). Other, less common, minerals that provide a
source of ﬂuoride to soils include topaz (Al2SiO4(F,OH)2), which is
commonly associated with silicic igneous rocks, and cryolite
(Na3AlF6). Fluoride can also be enriched inmineral ore deposits and
sediments formed near hydrothermal ﬂuids (up to 5.2% ﬂuoride)
(Butler, 1959; Gallant and Austin, 2012a).
Excess intake of ﬂuoride can cause health impacts including
ﬂuorosis (Death et al., 2015), impaired development of intelligence
(Sun et al., 2000) and disruption of hormone production (Peckham
et al., 2015). The weathering of ﬂuoride enriched soils and rocks is
considered the main source of elevated ﬂuoride in groundwater
(>1.5mg/l) and associated endemic ﬂuorosis in many regions of the
world, including India (Jha, 2012), Iran (Battaleb-Looie et al., 2012),
Africa (Reimann et al., 2003) and the western United States of
America (Fawell, 2006).
In addition to natural sources of ﬂuoride, many anthropogenic
activities add ﬂuoride to the environment including atmospheric
emissions from aluminium production (Haidouti, 1991; Brougham
et al., 2013), burning of coal (Chen et al., 2013), and brick manu-
facture (Jha et al., 2008). Direct application of phosphate fertiliser
(Loganathan et al., 2001) and irrigation with ﬂuorinated water are
also a diffuse source of added ﬂuoride to soil (Fawell, 2006).
In Australia, industrial activities are estimated to emit over 8000
tonnes of ﬂuorine containing compounds to the atmosphere
annually, with the largest anthropogenic source being coal power
generation (DSEWPC, 2017). However, there is a limited under-
standing of the quantity of diffuse ﬂuoride pollution added to soils,
beyond the immediate vicinity of ﬂuoride emitting industries.
The term ambient background concentration is deﬁned as the
sum of the geogenic (or natural) concentration of an element plus
the diffuse anthropogenic contamination that has been introduced
to the environment from non-point sources (Panno et al., 2006;
Ottesen et al., 2008; NEPC, 2013; Mikkonen et al., 2017). Most
published soil surveys of ﬂuoride have targeted localised areas
around point sources of contamination that are not representative
of ambient background conditions (Hocking et al., 1980; Mirlean
and Roisenberg, 2007; Jha et al., 2008; Brougham et al., 2013).
However, two studies, which assessed the magnitude and spatial
variability of ﬂuoride (representative of ambient background con-
ditions), were identiﬁed. Fuge and Andrews (1988) summarised
ambient background concentrations for ﬂuoride across selected
areas of England and reported that mean ﬂuoride concentrations in
soils ranged from 321mg/kg to 2,412mg/kg, with the maximum
ﬂuoride concentration occurring in mineralised soils (overlying tin
ore, in Devon). Jha (2012) reported a mean soil ﬂuoride concen-
tration of 515mg/kg, associated with the weathering of, alkaline
alluvial parent material in India (Uttar Pradesh).
Kriging methods and regression tree models are commonly
used to assess spatial distribution of background elements in soil
(McBratney et al., 2003; Wilford et al., 2015). These spatial models
can assist in identifying local areas that are likely to be naturally
enriched with a particular element (Li and Heap, 2014; Wilford
et al., 2015). Analysis of the modelled distribution of ﬂuoride
enrichment, using spatial models may assist in identifying areas of
ﬂuoride contamination (Jha, 2012).
Alternatively, geochemical regression models, which use
geochemical patterns based on soil chemistry, can be used to es-
timate background concentrations of an element and to distinguish
samples that are naturally enriched from contaminated samples
(Hamon et al., 2004; Thorbjornsen and Myers, 2007). Both these
modelling methods may assist in identifying variables that inﬂu-
ence ﬂuoride enrichment in soils.In this study we used a combination of both geospatial and
geochemical modelling methods, to provide an improved under-
standing of the inﬂuences on spatial variability of ﬂuoride enrich-
ment in the environment. The objectives of this study were to; (i)
assess the range of ambient background concentrations of ﬂuoride
in Australian soils of Victoria; (ii) identify environmental and
anthropogenic controls on ambient background ﬂuoride variability
using correlation analysis; and (iii) quantify environmental and
geochemical indicators of ﬂuoride enrichment, using geospatial
models and multiple regression geochemical equations.
2. Method
2.1. The Study Area
The Study Area included four regions in Victoria, Australia;
Greater Melbourne, Mitchell, Ballarat and Greater Geelong (Fig. 1).
The survey targeted soils overlying Tertiary to Quaternary basalt
lava ﬂows of the Newer Volcanic formation (basalt), Tertiary marine
and fresh water sediments (sediments) and Silurian aged silt-
stones/sandstones (siltstone/sandstone) (VandenBerg, 1997).
The Study Area is predominantly a dry landscape, with average
annual pan evaporation (1200mme1400mm/year) exceeding
average annual rainfall (417mme774mm/year) (BOM, 2013).
Physicochemical characteristics of the soils of the Study Area are
provided in Table 1.
2.2. Soil survey
Surface (A horizon soils between 0 and 0.1m) and sub-surface (B
or C horizon within the interval 0.3e0.6m) samples were collected
as part of a regional background soil survey. Sample locations
included urban recreational areas, nature reserves, forests and
agricultural (predominantly grazing) land. Sample locations tar-
geted areas of low disturbance, away from potential point sources
of ﬂuoride contamination. At each location, the current and his-
torical land use was noted based on ﬁeld observations and histor-
ical maps and aerial photographs.
2.3. Sample analysis
Soil samples were assessed for total ﬂuoride by combining
0.25 g of oven dried (40 C) and pulverised soil with 2 g of 1:1 ratio
of sodium carbonate: potassium carbonate (ﬂux). The combined
sample and ﬂuxwere placed into a crucible and heated to 850 C for
15min. Post heating, 15mL of citric acid was used to dissolve the
melted ﬂux and a sodium citrate buffer solution was added.
Following sodium carbonate/potassium carbonate fusion dissolu-
tion, total ﬂuoride concentration was determined by ion speciﬁc
electrode, based on Hopkins (1977).
The concentration of metals/metalloids were determined on
oven dried soil samples by inductively coupled plasma atomic
emission spectroscopy (ICPAES) following an adapted version of
aqua regia digest involving dissolution in HCl:HNO3 (10:4) at 95 C
for 30min, addition of hydrogen peroxide and heating for 30min
(US EPA, 2014). Soil particle density and texture fractionation was
undertaken using hydrometer as speciﬁed by Standards Australia
(2003). Exchangeable cations were extracted using ammonium
chloride and assessed with ICPAES (Rayment and Lyons, 2011) and
organic matter was assessed using the Walkley Black method
(Rayment and Lyons, 2011).
Mineralogical analysis was undertaken on selected samples
(n¼ 28) which were considered representative of each targeted
parent material. Oven dried (60 C) soil (approximately 25 g) was
pulverised using a ring mill. The resulting powder was then
Fig. 1. Assessment locations in the Study Area; soils overlying Tertiary to Quaternary basalt (basalt), Tertiary marine and fresh water sediments (sediment) and Silurian aged
siltstones/sandstones (siltstone/sandstone) of Greater Melbourne, Mitchell, Ballarat and Greater Geelong, Victoria, Australia.
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grained powder into the sample holder and assessed using X-ray
diffraction (XRD) (Last, 2002). The predominant mineral elements
were determined using a Bruker-AXS D4 XRD combined with the
ICDD PDF-2 database (2006) and quantitative phase analysis was
performed using SIROQUANTTM version 4 software.
Duplicate samples were collected at a rate of one duplicate for
every 20 primary samples. The duplicate samples were sent to a
second laboratory (Euroﬁns MGT, Melbourne) to assess reproduc-
ibility of the results. Method blanks and spikes were also included
for each of the different analytical methods, at a frequency of one
method blank and spike per batch (approximately 1 per 5 primary
samples).2.4. Collation and evaluation of background soil data
Data on ambient background soil ﬂuoride concentrations (from
0.0 to 0.1m, 0.3e0.6m and >0.6m) were collated from 84 open-
source Environmental Assessment audit reports (308 soil sam-
ples) and combinedwith the survey dataset. Themethodology used
for collation and screening of the open-source data is described by
Mikkonen et al. (2017). The open-source data was collated to in-
crease the sample frequency and understanding of ﬂuoride con-
centrations at depths greater than 0.6m. The collated datawas usedfor the purpose of calculating summary statistics for each statistical
domain (split by parent material and region).
Anomalously high ﬂuoride concentrations (deﬁned as concen-
trations above the upper whisker of a boxplot) were individually
reviewed to distinguish potentially contaminated samples from
those that were naturally enriched (Mikkonen et al., 2017). A
description and explanation for anomalously high ﬂuoride con-
centrations, reported from each parent material, is provided in the
Supplementary Information (SI1). Screened samples that were
considered representative of ambient background conditions (not
contaminated) were included in the background dataset (n¼ 931)
(Table 2).2.5. Collation of geospatial data
Geospatial variables were obtained for each survey sample
location from publicly available raster maps. The elevation, slope
and exposure direction at each location were derived from a 1 s
digital elevation model (Gallant et al., 2011; Gallant and Austin,
2012a). Spatial variation in precipitation and climate was assessed
using the modelled Prescott Index (Prescott, 1950; Gallant and
Austin, 2012b). The Prescott Index is a measure of water balance
that was designed to give an indication of the intensity of leaching
of rainfall into soil (Prescott, 1950). The index is calculated using
Table 1
Median and median absolute deviation (in brackets) of soil physical and chemical parameters for soils overlying Tertiary-Quaternary basalt (basalt), Silurian siltstone and
sandstone (siltstone/sandstone) and Tertiary sediments (sediments) of Greater Melbourne and Mitchell, Greater Geelong and Ballarat, Victoria Australia.
Region Parent Material Parameter Sample Depth (m)
0.0e0.1 0.3e0.6
Ballarat Basalt OM (%) 6.1 (7.3) 0.6 (0.5)
pH (pH units) 4.7 (0.5) 5.3 (0.4)
CEC (mEq/100g) 7.05 (3.7) 11.2 (5.9)
Clay (%) 21 (5.9) 36 (15.6)
Sand (%) 21 (7.4) 13 (6.7)
Greater Geelong Basalt OM (%) 7.5 (3.7) 2.4 (2.6)
pH (pH units) 5.2 (0.7) 7.8 (0.8)
CEC (mEq/100g) 14.2 (7.5) 28.5 (20.2)
Clay (%) 30 (12.6) 48 (9.6)
Sand (%) 33 (12.6) 25 (11.1)
Sediment OM (%) 6.7 (4.9) 1.2 (0.6)
pH (pH units) 4.7 (0.9) 6 (1)
CEC (mEq/100g) 5.5 (3.3) 11.8 (11.6)
Clay (%) 11 (5.9) 45 (29.7)
Sand (%) 69 (17.8) 44 (37.1)
Greater Melbourne & Mitchell Basalt OM (%) 8.1 (3.1) 2.5 (1.9)
pH (pH units) 5.2 (0.8) 7.8 (1.9)
CEC (mEq/100g) 14.7 (7.9) 24.6 (9.3)
Clay (%) 29 (8.9) 45.5 (12.6)
Sand (%) 20 (10.4) 13 (7.4)
Siltstone/sandstone OM (%) 7.5 (4.4) 1.3 (0.7)
pH (pH units) 4.3 (0.6) 4.8 (1)
CEC (mEq/100g) 5.8 (3.6) 4.8 (3.1)
Clay (%) 17 (5.9) 35 (19.3)
Sand (%) 21 (8.9) 14 (7.4)
Sediment OM (%) 5.2 (3) 0.8 (0.6)
pH (pH units) 4.4 (0.6) 7.1 (1.6)
CEC (mEq/100g) 5.05 (3.8) 2.65 (3.3)
Clay (%) 11 (5.9) 12 (11.9)
Sand (%) 67 (17) 71 (25.9)
Notes: Organic Matter (OM), Cation Exchange Capacity (CEC), milliequivalent (mEq).
Table 2
Number of soil samples, representative of ambient background, collated from the soil survey and Environmental Assessment audit reports for soils overlying Tertiary-
Quaternary basalt (basalt), Tertiary sediments (sediment) and Silurian siltstone and sandstone (siltstone/sandstone).
Bedrock Region Survey Collated Data Total
Sample Depth (m) 0e0.1 0.3e0.6 0e0.1 0.3e0.6 >0.6
Siltstone/sandstone Greater Melbourne 77 77 1 26 62 243
Mitchell 18 18 e e e 36
Sediment Greater Geelong 41 41 e e e 82
Greater Melbourne 38 38 e 19 83 178
Basalt Ballarat 34 34 e e e 68
Greater Geelong 34 34 e e e 68
Greater Melbourne 41 39 7 18 92 198
Mitchell 29 29 e e e 58
Total 312 310 8 63 237 931
H.G. Mikkonen et al. / Environmental Pollution 242 (2018) 1838e1849 1841long-term average precipitation (P) and potential evaporation (E),
where the Prescott Index¼ 0.445P/E^ 0.75 (Prescott, 1950). The
Prescott Index was calculated from national climatic information
between the years 1981e2006 (Gallant and Austin, 2012b).
The soil weathering index (Wilford, 2012) was used to estimate
the extent of soil weathering. The soil weathering index was
developed by Wilford (2012) for Australian soils using regression
models based on airborne gamma-ray spectrometry imagery
(including estimated concentration of potassium, thorium and
uranium) and the Shuttle Radar Topography Mission (SRTM)
elevation data. Valley bottom ﬂatness, modelled using elevation
and topographical data (Gallant et al., 2012), was used to indicate
the presence of accumulated alluvial material in low lying areas.Fractional vegetation cover (based on data from winter 2015) was
used to measure current vegetation cover (Guerschman et al.,
2015), whereby a low fractional vegetation value indicates high
cover of photosynthetic vegetation compared to non-
photosynthetic vegetation and bare soil. The Night Light Develop-
ment Index, measures the co-distribution of nocturnal light
(measured by satellite imagery) and population (NOAA, 2017). The
Night Light Development Index was used to estimate the extent of
urbanisation, as pioneered by Elvidge et al. (2012). The distance of
each sample location from the coast was measured using QGIS.
In addition, the location of ﬂuoride emitting facilities/industries
within the Study Area (licenced during 2016) were collated from
the National Pollutant Inventory (DSEWPC, 2017). The mass of
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facilities ranged from<1 kg/year to 92,745 kg/year (DSEWPC, 2017).
The distance from each sample location to ﬂuoride emitting facil-
ities was assessed using QGIS; ﬂuoride emitting facilities licensed
to emit >1000 kg were categorised as major ﬂuoride emitters and
considered separately.
2.6. Summary statistics
Analysis of variance (ANOVA) on normalised data was under-
taken in Minitab (edition 11, Minitab, 2017) to identify regions,
parent materials and land uses that were statistically different. The
null hypothesis, that the sample groups were different, was
assessed at a statistical signiﬁcance level of 0.05.
Summary statistics were calculated for surface (0e0.1m), sub-
surface (0.3e0.6m) and “deeper” (>0.6m) soils, for each statisti-
cally different parent material and region. Where element con-
centrations were reported below the limit of reporting (LOR),
substitution of half the LOR was adopted for calculation of sum-
mary statistics (Antweiler and Taylor, 2008; Mikkonen et al.,
2018a). Mean surface enrichment (which was calculated by
dividing the surface soil concentration by the sub-surface soil
concentration) was determined for survey samples, where both
surface and sub-surface soil samples were collected at the same
location.
Currently, Australian guidance does not provide soil screening
criteria for ﬂuoride. Therefore, risk based thresholds, estimated by
Cronin et al. (2000) for livestock (372mg ﬂuoride/kg soil for sheep
and 326mg ﬂuoride/kg soil for cattle) and the Canadian screening
criteria (CCME, 2006a) for human health in a recreational setting
(400mg ﬂuoride/kg soil) were used to provide context for soil
ﬂuoride concentrations in Victorian soils.
2.7. Correlation analysis
Correlation and regression analysis were only undertaken on
survey samples (not open-source data) because they included a
consistent suite of elemental results and land use information, in
comparison to the collated Environmental Assessment samples.
Spearman rank correlation between ﬂuoride concentrations and
key geospatial variables, (described in Section 2.5), were assessed.
Signiﬁcance of the correlation was assessed at p < 0.001,
0.001 p < 0.01, and 0.01 p < 0.05. Correlation analysis was
undertaken on soils separated by parent material (so as to identify
potential anthropogenic and environmental inﬂuences on the
spatial variability of ﬂuoride within soils of similar mineral
origin). To further assess coastal inﬂuence (i.e. marine aerosol
deposits) on soil variability, correlation between soil sodium
concentration and distance to the coast was assessed at each
sample location.
2.8. Regression tree predictive models
Models for prediction of ﬂuoride concentration in soil were
developed in R (Version 3.3.1) using the machine learning software
Cubist (Version: 0.0.18) (Kuhn et al., 2016). Cubist is a powerful
data-mining tool which can generate regression treemodels for the
prediction of a chosen variable (in this case ﬂuoride concentration)
based on multiple numerical and/or categorical variables. Regres-
sion tree models allow for correlations between elements to vary
for different sub-groups within the dataset. The data is separated
into subgroups (branches) with similar statistical patterns and
regression equations are developed for each sub-group.
Firstly, a regression tree model was developed for the prediction
of ﬂuoride concentration using geospatial variables (described insection 2.5) and parent material/sample depth as categorical vari-
ables. This geospatial model was developed to predict ﬂuoride
concentrations within soils of the Study Area based on patterns
between ﬂuoride concentrations at the sample location and geo-
spatial inﬂuences such as topography, parent material and
precipitation.
Secondly, regression tree models were developed for the pre-
diction of ﬂuoride concentration, based on measured concentra-
tions of other elements and parameters within the same soil
sample (i.e. a geochemical regression model). This model was
developed to predict the expected ambient background ﬂuoride
concentration in a speciﬁc soil sample. Where the accuracy was
poor (R2< 0.5), model development was repeated for soils sepa-
rated by parent material (prior to regression analysis), to assess if
this improved model accuracy.
3. Results and discussion
The background soil data set is publicly available at http://doi.
org/10.4225/61/5a3ae6d48570c (Mikkonen et al., 2018b). Fluoride
concentrations ranged from <40mg/kg to 2100mg/kg and were
statistically different between regions and parent materials
(P< 0.05, Table 3). The most pronounced spatial pattern, for ﬂuo-
ride enrichment, was in sub-surface soils overlying siltstone/
sandstone in the north west of the Study Area (Warrandyte to
Kinglake) (Fig. 2). Conversely, low ﬂuoride concentrations (median
of 45mg/kg) were observed in surface soils overlying sediments in
Greater Melbourne.
3.1. Geological inﬂuences on ﬂuoride concentrations in victorian
soils
Spatial variability of ﬂuoride concentration between soils of
different parent material (Fig. 2) was likely associated with changes
in mineralogy. Soils overlying siltstone/sandstone comprised pre-
dominantly of quartz and muscovite/illite, K-feldspar, kaolinite/
kaolin, chlorite and low amounts of goethite in subsurface soils
(Supplementary Information 2). Soils overlying basalt predomi-
nantly consisted of kaolin/kaolinite, quartz, goethite or haematite,
magnetite, and K feldspar. Whereas, soils overlying sediments
consisted of predominately quartz and kaolinite, with some soils
being high in goethite, haematite, magnetite and/or chlorite.
Chlorite, calcite and anatase were also reported in subsurface soils
overlying basalt (Supplementary Information 2).
Fluoride concentrations were highest in soils overlying silt-
stone/sandstone> basalt> sediments (Fig. 2). The weathering of
minerals such as muscovite, typically 1% wt ﬂuoride (Thomas et al.,
1977), is likely a key source of ﬂuoride enrichment in soils overlying
siltstone and sandstone in the Study Area.
Chlorite (up to 2.4% weight ﬂuoride) was reported in soils and
rocks associated with hydrothermal ore deposits (Meer, 2006). The
highest concentration of chlorite (17% sample weight) occurred in
soils overlying siltstone/sandstone in the gold mining region of
Warrandyte, Victoria. Fluoride concentrations were also naturally
enriched (>400mg/kg) in these mining regions. Therefore, chlorite
enrichment associated with hydrothermal ore deposits is expected
to be a source of ﬂuoride enrichment in soils overlying siltstone/
sandstone in mining regions of Victoria.
3.2. Environmental inﬂuences on ﬂuoride concentrations in
victorian soils
In addition to mineralogy, ﬂuoride variability was found to be
inﬂuenced by precipitation. Fluoride concentrations decreased
with increased precipitation/soil leaching, as indicated by the
Table 3
Fluoride (mg/kg) summary statistics for soils overlying Tertiary-Quaternary basalt (basalt), Tertiary sediments (sediment) and Silurian Siltstone and Sandstones (siltstone/
sandstone) in Ballarat, Greater Melbourne and Greater Geelong.
Parent Material Region Depth Count Min Max Gmean Mean SD Q25 Q50 MAD Q75 Q95 UW
Siltstone/sandstone Greater Melbourne 0.0e0.1 78 60 430 168 185 77 123 180 89 238 322 410
0.3e0.6 103 50 640 294 330 139 220 340 148 430 570 745
>0.6 62 50 2100 320 428 342 203 380 252 528 986 1015
Mitchell 0.0e0.1 18 50 260 143 154 56 130 155 37 188 243 274
0.3e0.6 18 100 670 265 301 155 190 260 141 390 551 690
Sediment Greater Geelong 0.0e0.1 41 <40 260 88 104 55 70 100 44 130 210 220
0.3e0.6 41 <40 510 154 190 110 100 190 104 240 400 450
Greater Melbourne 0.0e0.1 38 <40 500 46 76 98 <40 45 37 80 262 170
0.3e0.6 57 <40 630 75 121 115 <40 90 104 200 274 470
>0.6 83 <40 300 101 124 76 50 130 119 170 268 350
Basalt Ballarat 0.0e0.1 34 <40 260 45 69 71 <40 40 30 93 237 201
0.3e0.6 34 <40 380 75 110 88 25 105 104 170 244 388
Greater Geelong 0.0e0.1 34 40 330 129 142 64 93 130 59 178 251 305
0.3e0.6 34 <40 460 196 221 94 160 225 67 258 387 404
Greater Melbourne 0.0e0.1 49 <40 430 103 125 78 74 120 59 140 266 239
0.3e0.6 57 <40 520 141 167 97 110 150 59 200 340 335
>0.6 92 50 790 232 283 180 170 230 133 343 695 601
Mitchell 0.0e0.1 29 <40 200 77 93 50 70 90 59 130 172 220
0.3e0.6 29 <40 860 127 168 158 80 120 89 190 334 355
All 0.0e0.1 321 <40 500 96 126 83 70 110 110 74 170 260
All 0.3e0.6 373 <40 860 158 214 146 110 190 190 133 280 490
>0.6 237 <40 2100 188 265 243 120 200 200 148 340 708
Notes: Minimum (Min), Maximum (Max). Geometric mean (Gmean), Standard Deviation (SD), 25th Percentile (Q25), 50th Percentile (Q50), 75th Percentile (Q75), 95th
Percentile (Q95), Upper whisker of Tukey Boxplot (UW). Limit of reporting of 40mg/kg.
Fig. 2. Fluoride concentration (mg/kg) for soils overlying Tertiary-Quaternary basalt (basalt), Silurian siltstone and sandstone and Tertiary sediments (sediment) of Greater Mel-
bourne, Mitchell, Greater Geelong and Ballarat; (a) surface soils (0.0e0.1m) and (b) sub-surface soils (0.3e0.6m).
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concentrations in surface and sub-surface soils overlying basalt and
sediments (Table 4).
Fluoride concentrations in surface soils overlying basalt in Bal-
larat (median of 40mg/kg) were signiﬁcantly lower (P< 0.001)
than ﬂuoride concentrations in surface soils overlying basalt in
Greater Melbourne (median of 120mg/kg) (Table 3). In soils over-
lying basalt of west Melbourne and Greater Geelong, ﬂuorideenrichment was reported in sub-surface (i.e. B horizon) soils
(Fig. 2). Sub-surface ﬂuoride enrichment was accompanied by
increased CEC, sodium, magnesium and or calcium (Supplementary
Information 3). The enrichment of these alkali elements in sub-
surface soils is characteristic of illuviation (accumulation of dis-
solved or suspended soil materials in one area or horizon due to
percolation) (Buol et al., 2011) and is expected to represent the
approximate depth of inﬁltration of rainwater (White, 2009).
Table 4
Spearman correlation between ﬂuoride and geospatial variables for soils overlying Silurian siltstone and sandstone (siltstone/sandstone), Tertiary sediments (sediment),
Tertiary-Quaternary basalt (basalt).
Depth (m) Flatness Weathering Prescott Veg Elevation Slope NLI Distance to coast Fluoride Emitter Major ﬂuoride emitter
Siltstone/Sandstone 0.0e0.1 0.15 0.38*** 0.05 0.05 0.13 0.2 0.03 0.03 0.13 0.11
0.3e0.6 0.14 0.28** 0.13 0.19 0.06 0.18 0.1 0.15 0.22* 0.19
Sediment 0.0e0.1 0.09 0.06 0.4*** 0.23* 0.1 0.11 0.27* 0.06 0.16 0.01
0.3e0.6 0.04 0.03 0.42*** 0.06 0.33** 0.08 0.31** 0.04 0.26* 0.01
Basalt 0.0e0.1 0.12 0.14 0.38*** 0.01 0.47*** 0.06 0.29*** 0.44*** 0.02 0.09
0.3e0.6 0.08 0.16 0.4*** 0.07 0.43*** 0.02 0.13 0.38*** 0.11 0.05
Notes: Veg ¼ Vegetation fractional cover, NLI¼ Nightlight development Index. Fluoride Emitter ¼ Distance to nearest registered ﬂuorine compound emitting industry.
Major ¼ licenced to emit >1000 Kg of ﬂuorine containing compounds. The measure of signiﬁcance of the correlation is indicated by *** for P < 0.001, ** for 0.001  P < 0.01,
*0.01  P < 0.05.
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soils overlying basalt in Ballarat, compared to soils overlying basalt
in Greater Melbourne and Mitchell (110mg/kg) and Greater Gee-
long (130mg/kg) (Table 3), was likely due to exposure to different
precipitation conditions during palaeoclimates. The Ballarat lava
ﬂows occurred in the late Tertiary period, during awetter andmore
tropical climate than that of the Quaternary period, when the lava
ﬂows of Melbourne and Geelong were predominantly formed (Gill,
1961). The basalt derived soils of Ballarat, include red, acidic, iron
rich horizons (pers. obs.), characteristic of soils that have under-
gone intense leaching (Zhou et al., 2015), which is likely to have
resulted in the mobilisation and loss of ﬂuoride from soils in these
regions. Consistent with this theory, metals (Fe, Cr, Al) were
observed to be enriched in the basalt derived soils of Ballarat in
comparison to Greater Melbourne and alkali elements (Ca, Na)
were, by comparison, depleted (Mikkonen et al., 2018c).
Ambient background ﬂuoride concentrations in soils overlying
basalt were also correlated with proximity to the coast, with
increased ﬂuoride concentrations in areas less than 80 km from the
coast (Table 4). In support of a coastal effect on ﬂuoride concen-
trations, sodium (which is commonly observed to be enriched due
to deposition of marine aerosols) was also strongly correlated with
the distance to the coast for sub-surface soils overlying basalt
(Supplementary Information 4). Although it is widely accepted that
sea spray and coastal inﬂuences are a source of added chloride,
sodium and sulphur to soils (Hutton and Leslie, 1958; Reimann
et al., 2011), the contribution of ﬂuoride to soil from sea spray is
not well understood. Lindner and Frysinger (2007), reported
signiﬁcantly higher ﬂuoride and chloride concentrations in the
rainfall of coastal areas in comparison to inland areas. Conversely,
other researchers have suggested that no or low preferential in-
jection of ﬂuoride occurs between the air-sea interface (Barnard
and Nordstrom, 1982; Saether et al., 1995).
Fluoride enrichment in surface and sub-surface soils overlying
sediments of Greater Melbourne, was accompanied by a co-
enrichment of sodium and sulphur (Supplementary Information
3). However, ﬂuoride concentrations in sediments were not
signiﬁcantly correlated with distance to the coast (Table 4). The
Tertiary sediments include sediments deposited in bothmarine and
freshwater environments (Birch, 2003). Seawater comprises
approximately 10 times more ﬂuoride than fresh water (average
ﬂuoride concentration of 1.2e1.4mg/L compared to 0.1e0.2mg/L)
(Alloway, 2012; Gallant and Austin, 2012a), as such sediments/soils
formed inmarine or estuarine environments are generally higher in
ﬂuoride than sediments formed in freshwater systems (Gallant and
Austin, 2012a). Therefore, ﬂuoride variability in the soils overlying
sediments of Melbournemay have been inﬂuenced by the presence
of a marine environment during sediment deposition and its sub-
sequent retreat (Scanlon et al., 2009; Raﬁque et al., 2015).3.3. Inﬂuence of urbanisation and ﬂuoride emitting industries
Fluoride in surface soils overlying basalt was found to be
negatively correlated with the Night Light Development Index
(increased ﬂuoride with increased urbanisation) (Table 4).
Conversely, ﬂuoride concentrations, in soils (both surface and
subsurface) overlying sediments, were positively correlated with
the Night Light Development Index (lower ﬂuoride concentrations
in urbanised areas). The inﬂuence of urbanisation versus sea spray/
evaporation of estuarine water on ﬂuoride enrichment was difﬁcult
to distinguish in the Study Area because Melbourne and Geelong
are both densely populated and located along the coast. Urbani-
sation has been associatedwith enrichment of ambient background
concentrations of Pb and Zn in soils of Australian cities (Birch et al.,
2011). Urbanisation could also be a source of diffuse ﬂuoride
contamination, attributable to the burning of fossil fuels (including
wood ﬁres) and increased industrial activities within highly
populated regions (Lewandowska et al., 2013). Based on the results
of this study, it was not possible to conclude whether urbanisation
(as shown by negative correlation with ﬂuoride for soils overlying
basalt, Table 4) caused increased ﬂuoride concentrations in soils
overlying basalt, or if this association was due to coastal and/or
elevation inﬂuences.
In Victoria, Australia, 87 businesses were registered to emit
ﬂuorine containing compounds to the atmosphere in 2016, with the
largest emissions being from aluminium production industries,
petroleum reﬁneries, brick manufacture and coal-based power
generation (DSEWPC, 2017). A total of 46 facilities, within the Study
Area, were licenced to emit ﬂuoride to air during 2016, with eight
locations deﬁned here as “major emitters”; with emissions of over
1000 kg of ﬂuoride per year. A map of the location of registered
ﬂuoride emitting industries is presented in Fig. 3.
At a regional scale, surface soil ﬂuoride was not signiﬁcantly
correlated with proximity to registered ﬂuoride emitting industrial
facilities (Table 4). This would indicate that the current industrial
activities have not played a signiﬁcant role in the enrichment of
ﬂuoride concentrations at the regional scale. However, the sample
locations used for this assessment were purposely located greater
than 3 km from major ﬂuoride emitting sources; the results do not
exclude the potential for localised enrichment of ﬂuoride in soils
closer to ﬂuoride emitters. Localised ﬂuoride enrichment is likely to
occur in close proximity to ﬂuoride emission sources (Hocking
et al., 1980; Mirlean and Roisenberg, 2007; Jha et al., 2008a;
Brougham et al., 2013).
3.4. Inﬂuence of agricultural activities
Fluoride concentrations, in surface soils overlying sediments,
were statistically higher (P ¼ 0.04) in areas used for agriculture
Fig. 3. Relative enrichment of ﬂuoride (ratio of ﬂuoride surface FS to ﬂuoride sub surface FSS) and locations of facilities licenced to emit ﬂuoride compounds to air for soils overlying
Tertiary-Quaternary basalt (Qvn), Silurian siltstone and sandstone (Sla/Sud) or Tertiary sediments (Tpb), Victoria Australia.
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areas (grouped as parkland). The median difference between
ﬂuoride in agricultural soils in comparison to parkland soils
(overlying sediments) was (þ) 40 mg/kg. Interestingly, a strong
correlation was observed between surface ﬂuoride and phosphate
in agricultural soils overlying sediment (R2¼ 0.8), whereas no
correlation was observed between ﬂuoride and phosphate in soils
overlying sediments from parkland areas (R2¼<0.01) (Fig. 4). In
comparison, no signiﬁcant difference was observed between ﬂuo-
ride concentrations and land use for surface or subsurface soils
overlying basalt or siltstone/sandstone (P > 0.05).
The strong correlation between total phosphate and ﬂuoride in
agricultural soils (Fig. 4) may be associated with the application of
phosphate fertilisers (or other agricultural practices). Phosphate
fertilisers typically comprise 1.5e4% ﬂuoride (Loganathan et al.,
2001). Enrichment of agricultural soils with ﬂuoride, due to phos-
phate fertiliser application, has been reported in New Zealand,
(estimated added ﬂuoride of 177mg/kg to 264mg/kg) (Kim et al.,
2016). However, studies of the contribution of phosphate fertiliser
to ﬂuoride soil loads are not consistent; a 31 year ﬁeld trial of
phosphate application in Ireland, reported no signiﬁcant increase in
ﬂuoride concentrations (McGrath and Tunney, 2010).
No statistical difference (P> 0.05) was found between ﬂuoride
concentrations in agricultural or parkland sub-surface soils (over-
lying sediments), which indicates low leachability of added ﬂuoride
to the underlying soils. Similarly (Loganathan et al., 2001), found
that ﬂuoride enrichment, associated with phosphate fertiliser
application in pastoral lands in New Zealand, was limited to soils
less than 200mm below the soil surface.
Although in this study the correlation between ﬂuoride and
phosphate was linked to the application of phosphate fertilisers,further assessment is required to understand the potential contri-
bution from other agricultural factors such as selective uptake of
nutrients (by certain crops), the reduction in biodiversity (in
comparison to parklands) required to produce high yield crops, or
the possible association with soil texture or other nutrients.
Agricultural soils (surface and sub-surface) overlying basalt or
siltstone/sandstone were not statistically enriched with ﬂuoride
compared to parkland soils. The statistically insigniﬁcant difference
in basalt and siltstone/sandstone (P¼ 0.68 and P¼ 0.41, respec-
tively) is likely due to the higher mineralogical ﬂuoride in these
soils and associated higher natural variability.
3.5. Geochemical patterns and prediction of background ﬂuoride
A cubist regression treemodel was developed tomap the spatial
variability of ﬂuoride across the Study Area. The regression tree
modelling for spatial variability indicated that ﬂuoride is likely to
be enriched in soils at low elevation, in areas of low weathering
and/or low precipitation. The accumulation of ﬂuoride in low lying
and low leaching environments is consistent with mobility of salts
and alkali elements in the environment (Buol et al., 2011). However,
due to the low resolution of the geospatial data (for example 90m
grid) and highly variable ﬂuoride concentrations in soil at a local
scale, geospatial variables alone, were not sufﬁcient to account for
more than 24% (R2¼ 0.24), of ﬂuoride variability, with a mean
prediction error of 90mg/kg. Further, research is required to
develop geospatial models for ﬂuoride concentrations in Victorian
soils. This would likely require a higher frequency of sample loca-
tions to support improved accuracy of the model, and exploration
of alternative geospatial variables, which can support prediction of
ﬂuoride variability.
Fig. 4. Correlation between log transformed ﬂuoride and phosphate in surface soils (0.0e0.1m depth) overlying tertiary Sediments on land used for (a) parkland and (b) agricultural
soils. Note: One outlier not shown in Fig. 4 (left) at ﬂuoride¼ 500mg/kg.
Fig. 5. Modelled ﬂuoride compared to measured ﬂuoride for soils overlying Silurian
siltstone and sandstone of the Study Area, using a multiple regression model (Equation
(1)). Model of perfect ﬁt (i.e. x¼ y) shown as solid line, concentrations ±25% of the
measured results shown as orange dashed line and concentrations ±50% of the
measured result shown as red dotted line. (For interpretation of the references to
colour in this ﬁgure legend, the reader is referred to the Web version of this article.)
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parameters varied between different parent materials. Correlation
between ﬂuoride and geochemical variables was assessed for each
parent material and depth using Pearson regression. Fluoride was
poorly correlated (R2< 0.5) with soil variables commonly used as
index elements, including pH, OM and clay content (Supplementary
Information 3).
Hamon et al. (2005) has previously recommended the use of
simple linear regression models using index elements Fe and Mn
for the estimation of background metals in soil. Myers and
Thorbjornsen (2004) have used geochemical regression equations
for metals, similar to those proposed by Hamon et al. (2004) to
distinguish lead contamination from background lead concentra-
tions. No simple linear regression models, using geochemical nor-
malisation methods, have been recommended for the estimation of
ambient background ﬂuoride concentrations in soil.
A cubist regression tree model was developed for estimation of
ﬂuoride based on geochemical variables, rather than geospatial
variables. The accuracy of the regression model was largely inﬂu-
enced by parent material. When all soils (from different parent
materials) were included in the geochemical regression model, the
prediction accuracy for ﬂuoride concentration was moderate
(R2¼ 0.57, mean error of 59mg/kg) (model provided in Supple-
mentary Information 5). However, when the model was restricted
to soils overlying the siltstone/sandstone bedrock, the accuracy of
the regression model was greatly improved. The regression tree
model required only one rule (one branch) to describe 70% of the
ﬂuoride variability observed in soils overlying siltstone/sandstone
of the Study Area (Equation (1), concentrations in mg/kg where
unspeciﬁed). This model uses geochemical variables (Clay, V, Fe, Zn,
Na, Ca, Cu, Ti, pH, Sand, Ni), which highlights the positive associa-
tion of ﬂuoride enrichment in soils with increased clay and alka-
linity. The parameters presented in Equation (1), also suggest that aspatial model for prediction of ﬂuoride may be improved where
spatial data for clay content, Fe oxides or sodium concentrations are
available and utilised as spatial variables.
Table 5
Soil action and screening levels for total ﬂuoride in soil.
Country Guide value (mg/kg) Land use Reference
Alberta 200 Agricultural/Residential Government of Alberta (2010)
Alberta 2000 Commercial/Industrial Government of Alberta (2010)
Australia 450 Industrial waste categorisation as Category C contaminated soil EPA Victoria (2009)
Canada 200 Agricultural CCME (2006b)
Canada 400 Residential/Parkland CCME (2006b)
NA (risk based) 326 Cattle Cronin et al. (2000)
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[Zn] þ 0.00211 [Fe] - 0.54 [Ti] þ 1.6 [Ni] - 0.057 [Na] - 4 CEC (meq/
cmol) þ 2.3 [Cu] - 1.1 Sand (%) (1)
Elemental concentrations in Equation (1), reported in mg/kg,
except where stated otherwise.
The mean error for estimated ﬂuoride concentrations (using
Equation (1)), in soils overlying siltstone/sandstone, was 57mg/kg
with most (70%) of the predicted ﬂuoride concentrations within
25% of the measured ﬂuoride concentrations (Fig. 5). Geochemical
regression models for estimation of ﬂuoride concentrations in soils
overlying basalt or sediments, were poor (R2¼ 0.33 and R2¼ 0.27
respectively).
Although the model presented here (equation (1)) is parent
material speciﬁc and may not be applicable to soils outside the
Study Area, the results of this work suggest that similar multiple
regression models or regression tree models may prove useful for
the estimation of background concentrations for other elements or
other deﬁned environments.3.6. Comparison of ﬂuoride concentrations to risk thresholds and
criteria
To provide context to the variability of ﬂuoride concentrations in
the Study Area, the data were compared to overseas criteria and
risk based thresholds (Table 5). The ambient background concen-
trations of ﬂuoride in surface soils were mostly below the risk
based thresholds (for livestock) (97% of results) and the Canadian
screening criteria for protection of human health in a residential/
recreational land use (>99% of results) (Cronin et al., 2000; CCME,
2006a).
However, ﬂuoride concentrations where naturally enriched in
sub-surface soils and deeper soils (>0.6m) overlying siltstone/
sandstone, with more than 50% and 57% of sub-surface and deeper
soil samples (respectively) exceeding the risk based ﬂuoride
thresholds for livestock (326mg/kg) and more than 25% of samples
exceeding the human health screening criteria (of 400mg/kg)
(CCME, 2006). Fluoride concentrations in soils >0.6m overlying
basalt of Greater Melbourne (27% of samples) were also naturally
enriched at concentrations above the risk based ﬂuoride thresholds
for livestock.
As livestock and human activities predominantly have contact
with surface soils, the presence of naturally enriched sub-surface
soils is unlikely to pose a risk (i.e. may not be a realised risk) to
livestock or human health. However, where sub-surface soils are
likely to be exposed at the soils surface (e.g. following excavation of
surface soils or re-use of excavated sub-surface soils) a risk
assessment should be undertaken.
The results from this soil survey suggest possible low level
(40mg/kg) increase in soil ﬂuoride concentration agricultural soil
compared to parkland soils, potentially associated with application
of fertilizers. In addition to impacts to livestock health from direct
consumption of soil ﬂuoride, addition of ﬂuoride to soil may cause
further impacts to the environment due to increased Al mobility(Cronin et al., 2000; Loganathan et al., 2001; Kim et al., 2016). In
areas of natural enrichment, increased risk to biota from ongoing
ﬂuoride loading to the environment by anthropogenic activities
such as industrial emissions or application of fertilisers should also
be further assessed.
Soil and bedrock that are naturally enriched with ﬂuoride may
also pose a risk to the beneﬁcial uses of groundwater. Fluoride
enrichment in groundwater, in exceedance of the WHO drinking
water guideline (1.5mg ﬂuoride/L), has been attributed to the
weathering of ﬂuoride enriched soils in India and Africa with
parent materials in similar geological environments to the Study
Area (Fawell, 2006). Assessment of ﬂuoride concentrations in
groundwater were outside the scope of the current study.
Further assessment of the potential risks to biota and ground-
water for soils naturally enriched in ﬂuoride is recommended,
including development of ecological risk based criteria for Austra-
lian soils. This will need to consider the origin of the material, how
it is currently being utilised, local geology and adaptation of the
native species.
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9 CHAPTER NINE Immobilisation of 
Geogenic Arsenic and Vanadium in Iron 
Rich Sediments and Iron Stone Deposits 
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9.1 Preface 
Review of the results from the ambient background soil survey (Chapter 4 and Chapter 
6), identified elevated As in soils of Keysborough, south east of Melbourne (based on data 
collected at locations BH280 and BH281). Elevated concentrations of As and V, in exceedance 
of local human health guideline values described by the NEPC (2013), have been reported to be 
broadly distributed in the Keysborough area, in grey literature (van de Graaf 2013). The 
presence of As enrichment in soils, within an area of urban development, may pose a risk to 
local groundwater, biota or land users (Pearce et al. 2010). In addition, land development, may 
change groundwater level and subsequently influence soil chemistry, resulting in increased 
mobilisation of geogenic arsenic (Kinsela, Collins & Waite 2011).  
In order to assess where and how As and V was enriched in the Keysborough area, 
additional samples were collected from Ambient Background Soil Survey locations BH280 and 
BH281. Two bores (referred to in this Chapter as BH1 and BH2) were dug at the approximate 
same location (±5 m), as the previous bores BH280 and BH281, respectively. Soil samples 
were collected for assessment of correlation between As, V, Mn and Fe in Tertiary sediments. 
The methodology for the collection and analysis of samples from BH1 and BH2 in 
Keysborough, is described in the Chapter. The distribution of As and V in sediments and Fe 
stone was assessed using elemental micro X-ray Fluorescence (XRF) and the speciation of As 
and Fe in a selected Fe stone from the Tertiary sediments was assessed using X-ray Absorption 
Near Edge Spectroscopy (XANES). The regional geology and topography was reviewed to 
identify why soils in this region would have elevated As and V compared to other soils 
overlying Tertiary sediments.  
Results from the ambient background soil Survey (Chapter 2), also identified As 
enrichment in some areas overlying Silurian siltstone/sandstone (as described Chapter 6). To 
assess where As and Fe are enriched in soils from different parent materials, micro XRF was 
also conducted on one Fe stone and one dried soil sample from each of the soils overlying the 
Silurian siltstone/sandstone and Tertiary-Quaternary basalts of Victoria. The soils from the 
Silurian formation were from a forested area in Warrandyte, from an area known to be 
naturally enriched in As (maximum As = 53 mg/kg), expected to be associated with quartz 
intrusions comprising gold (Mikkonen et al. 2018b). The Fe stone and soils overlying the 
Tertiary-Quaternary basalts were from an agricultural area in Wallan, north of Greater 
Melbourne, As concentrations were low (< 5 mg/kg) (Mikkonen et al. 2018b). 
The assessment of As and Fe distribution in soils overlying Silurian Siltstone/sandstone 
and Tertiary-Quaternary basalt is described in Appendix C.  
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The comparison to Fe stones found in Tertiary sediments compared to Fe stones found 
overlying Tertiary-Quaternary basalt indicated that metals/metalloid enrichment with Fe is 
highly variable and controlled by the mineralogy and soil conditions during Fe stone formation. 
For As to become enriched with Fe in Fe stones there must be a source of soluble As in the 
environment at the time of Fe stone formation.  
This Chapter has been submitted as a paper to Science of the Total Environment. 
9.2 Abstract 
Determination of how geogenic As and V is mobilised from naturally enriched soils 
and iron (Fe) stones is integral for understanding the potential risk to the environment from 
changed land use conditions. Thus, the association of As, V and Fe in As-enriched sediments 
and Fe stones in Tertiary sediments of Melbourne, Australia, was assessed using chemical 
extraction methods, micro focused X-Ray fluorescence and X-ray Absorption Near Edge 
Spectroscopy. We show that the selective association of As with Fe during Fe stone formation 
has resulted in As enrichment of up to 60 times the concentration of surrounding soils, and 
1000 times mean As concentrations in world soils. In both soil and Fe stones, As was 
distributed with goethite as arsenate and relatively immobile under oxic conditions. The 
presence of V on the outer edge of the assessed Fe stone provided evidence of differences in 
historical As and V solubility; that is, As was immobilised by Fe during an earlier stage of Fe 
stone formation than V. 
9.3 Introduction 
Release of geogenic As from soils/sediments to the environment has caused impacts to 
human health, biota and agriculture in many areas of the world (Basu et al. 2014; 
Khorasanipour & Esmaeilzadeh 2015; Martin & Dowling 2013; Nickson et al. 1998; Phan et al. 
2010). Iron oxyhydroxides (herein referred to as Fe oxides), such as ferrihydrite and goethite, 
play a key role immobilisation of As in soils (Wenzel 2013a). However, As sequestration is 
influenced by soil redox; Fe oxides may act as a sink for As (as arsenate) in oxic conditions or 
a source of As (in the form of arsinite) in anaerobic (anoxic) conditions (Bose & Sharma 2002; 
Kinsela, Collins & Waite 2011; Stuckey et al. 2015; Suda & Makino 2016).  
Changing land use, including land clearing, irrigation practices, storm water 
management and dewatering can change groundwater levels, soil redox chemistry and 
associated As and Fe mobility (Islam 2003; Kellner, Hubbart & Ikem 2015). Therefore, 
determination of how and where geogenic As is immobilised by Fe in soils and sediments is 
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critical for assessment of risk to the environment from land use changes.  
Vanadium has some chemical similarities to As and is commonly co-enriched with 
geogenic As in soils (Lehoux et al. 2013) and groundwaters (Fiorentino et al. 2007; Robertson 
1989). However, mobilisation of geogenic V from soils to the environment and the associated 
potential impact to human or ecological health has gained little attention (Arena et al. 2015; 
Wright & Belitz 2010). Due to its extensive use in industry, manufacturing, fertilisers and 
medicines, there is growing concern of the potential toxicity of V to humans and the 
environment (Assem & Levy 2009; Fortoul et al. 2014; Imtiaz et al. 2015). 
Enrichment of geogenic As and or V enrichment has been reported in Fe and Mn 
nodules (Palumbo et al. 2001), Fe and Mn stones (Frierdich & Catalano 2012) and Fe rich 
sedimentary rock (Palumbo-Roe et al. 2005). The sorption of V and As to Fe oxides is 
influenced by reducing conditions, but also by pH, whereby adsorption of V to Fe oxides is at a 
maximum at pH 4 and decreases below and above pH 4 (Mikkonen & Tummavuori 2006; 
Naeem, Westerhoff & Mustafa 2007). As such, soluble V in groundwater is often positively 
correlated with increased water alkalinity particularly when pH increases above pH 8 (Wright 
& Belitz 2010). Conversely, As solubility typically decreases with increasing water pH 
(Wenzel 2013a). 
Although, As and V are often co-enriched in the environment, few studies have 
assessed differences in the solubility and immobilisation of As and V. The presence of high 
concentrations of V(V) (for example 100 µg/L) may reduce As(V) adsorption to hematite 
(Fe2O3,) (Youngran et al. 2007). Therefore, the behavior of V should be considered when 
assessing the risk of As mobilisation from soils to the environment.  
In Melbourne, Australia, periods of wetting and drying over hundreds of thousands of 
years has resulted in thick profiles (up to 24 m thick) of highly weathered sediments with 
visible Fe rich layers, denoted the Red Bluff formation of the Brighton Group Tertiary 
sediments (Birch 2003). Areas of the Tertiary sediments have been found to be naturally 
elevated in As and V at concentrations in exceedance of the human health risk criteria for low 
density residential land use (100 mg/kg and 130 mg/kg, respectively) (CCME 2006; Mikkonen 
et al. 2018b; NEPC 2013). Areas of the Tertiary sediments are currently being developed for 
residential land use. An improved understanding of the nature of As and V in soils of the 
Tertiary sediments is required to identify potential risks to the environment from residential 
development on these naturally enriched soils.  
The objectives of this study were to; (i) use micro X-Ray Fluorescence (XRF) and X-
ray absorption near edge structure (XANES) to assess the co-existence of As and V in soil and 
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Fe stones of the Tertiary sediments; (ii) assess the role of Mn and Fe in sequestration of As and 
V; and (iii) to assess the potential mobilisation of As and V from naturally enriched soils and 
Fe stones, from an area proposed for residential development.  
9.4 Methods 
9.4.1 Site Setting 
During a regional scale soil survey of background metals/metalloids in areas of 
Victoria (Mikkonen et al. 2018b), high ambient background As concentrations (maximum of 
190 mg/kg) were identified in sub-surface soils in a low lying area (~14m Australian Height 
Datum), located approximately 30 km south east from the Melbourne central business district, 
(Figure 9-1). The underlying geology of the As enriched area (herein referred to as the 
assessment area) was mapped as the Brighton Group sediments of the late Miocene to Pliocene 
(Tertiary period) (Geological Survey of Victoria 1967), overlain by Quaternary Recent swamp 
deposits (Geological Survey of Victoria 1981). The Brighton Group sediments, herein referred 
to as “Tertiary sediments”, include marine deposits referred to as the Black Rock Formation 
and younger non-marine deposited sediments referred to as the Red Bluff Formation (Birch 
2003). The Red Bluff Formation comprises ferruginous, poorly fossiliferous sands (Birch 
2003).  
Sub-surface soils (0.3-0.6m) of the assessment area (based on two bore holes) had the 
following physical/chemical properties; pH (1:5 0.01M CaCl) 6.4 to 7.0 pH units, cation 
exchange capacity 2.3 to 3.3 meq/100, clay content 19 to 29%, organic matter content 0.25 to 
0.8%, sulfate concentrations 25 to 80 mg/kg. Soil data from the background soil survey are 
available online at the Soil Explorer website: https://soilexplorer.eres.rmit.edu.au/soil-explorer/ 
(Mikkonen et al. 2018a). 
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Figure 9-1 Assessment Area, South East of Melbourne, Victoria, Australia, overlying 
Google satellite imagery. Yellow polygons show the extent of Tertiary Sediments. 
Topography, is based on 1 second digital elevation, with vertical exaggeration of 10 
(Gallant et al. 2011). 
9.4.2 Sample collection 
Soil samples were collected from two soil bores (BH1 and BH2) located on the edge of 
a recreational/open space park area adjacent to a newly constructed storm water easement. The 
two bores were approximately 200 m apart. The broader area comprised recently developed 
(i.e. less than 10 years old) low density residential properties, formerly used for agriculture and 
market gardens. Pesticides and fertilisers containing trace As and V may have been used in this 
area in the past (Quazi, Sarkar & Datta 2011). The quantity and extent of application of diffuse 
As and V contamination to the area was unknown.  
Soil samples were collected at approximately 0.2 m intervals to a depth of 1.3 m and 
0.8 m, at BH1 and BH2 respectively, using a slide hammer driven core tube sampler (40 mm 
diameter), fitted with a plastic sleeve. Wet sections of the soil core were capped and sealed in 
the field to preserve the sample morphology and geochemistry. Sub-samples from soil cores 
were collected and dried at 40 °C prior to chemical analysis. Wet soil cores were stored on ice 
and frozen within 24 hours of collection. The water quality (electrical conductivity, pH, redox, 
temperature, dissolved oxygen) of infiltrated water at the base of soil bores was assessed using 
calibrated water quality probes. 
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9.4.3 Chemical analyses 
The soil profile at each location included mottled grey and orange sandy clays. To 
better understand which soil fraction As enrichment occurred in, soil from two depth intervals 
(0.2-0.4 m) and (0.6-0.8 m) from each bore were divided by hand, as far as practicable, into 
grey, orange and mixed grey and orange mottles. Soils from the same depth interval and colour 
group were homogenised. Iron stones were separated using a 2 mm sieve. Soil and Fe stone 
samples (2 bores x 2 depths x 4 colour groups = 16 samples) were crushed using a mortar and 
pestle. Each sample was assessed for total and fractionated As, V, Mn, and Fe using chemical 
extractions for operationally-defined soil fractions (Table 1). The extraction methods were 
chosen to assess As and V leachability under different environmental conditions.  
Comparison of concentrations of As, V , Fe and Mn between soil colour groups and 
extractions was undertaken using a Mann Whitney test, with a test significance of 5 % (0.05).  
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Table 9-1 Extraction methods for assessment of element mobility and leachability under 
varying environmental conditions 
Objective and Description Extraction method 
Assess solubility of As and V under typical 
ionic conditions in soil solutions. 
Extracted with a 1:10 weight to volume (w/v) ratio 
of 0.01 M CaCl2 at 20 °C (Houba et al., 2000). 
Assess fraction of metals/metalloids likely to be 
mobilised in acidic conditions. This extraction is 
expected to dissociate elements bound to poorly 
crystalline Fe oxides, such as ferrihydrite. 
However, dissociated As may be re-adsorbed to 
remaining crystalline Fe oxides or other metal 
oxides (Yuan et al 2016). 
Extracted by shaking 0.5 g air-dry soil (<0.5 mm) 
with 50 mL Acid Oxalate Reagent (ammonia 
oxalate at 3 pH units) for 4 h at 25 °C (Rayment 
and Lyons, 2011).  
 
Assess metal/metalloids associated with organic 
complexes. 
Extracted by shaking 0.5 g of soil (<0.5 mm) with 
50 mL 0.1 M Na pyrophosphate solution in 250 
mL bottles on an end-over-end shaker 
continuously for 16 h at 25 °C (McLaren and 
Crawford, 1973; Rayment and Lyons, 2011). 
 
Metals/metalloids associated with Fe oxide 
minerals (secondary Fe complexes in addition to 
Fe organic complexes and exchangeable Fe) 
Extracted by shaking 0.5 g air-dry soil (<0.5 mm) 
with 24 mL of 22 % sodium citrate and 1.0 g 
sodium dithionite on an end-over-end shaker 
continuously for 16 h at 25 ° C. This was followed 
by centrifugation at 10 000 rpm for 20 min with 
1:10 flocculent (Superfloc) to water solution 
(Rayment and Lyons, 2011). This extraction 
simulates strong reducing conditions. 
Total Fe and metal/metalloid concentrations Extracted using aqua regia digestion; extraction 
with HCl:HNO3 (10:4) at 95 ºC for 30 minutes 
and addition of hydrogen peroxide and heating for 
a further 30 minutes. Aqua regia digest mobilises 
the “geoavailable” fraction of metals, which is 
considered to be the portion of chemical elements 
that can be liberated in soils through mechanical, 
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Objective and Description Extraction method 
chemical or biological processes (Smith and 
Huyck, 1999). 
 
9.4.4 Mineral analysis 
Mineralogical analyses were undertaken on selected samples (n=5) from the 
assessment area at depths 0.4-0.6 m, 0.6-0.8 m and 1.2-1.3 m at BH1, and depths 0.2-0.3 m and 
0.6-0.8 m at BH2. Approximately 25 g of oven dried (60 oC, 48 h) soil was pulverised using a 
ring mill. The resulting powder was then prepared as an un-oriented powder mount of the total 
sample for X-ray diffraction (XRD) analysis. The predominant mineral elements were 
determined using a Bruker-AXS D4 XRD combined with the ICDD PDF-2 database (2006) 
and quantitative phase analysis was performed using SIROQUANTTM version 4 software. 
9.4.5 Sample preparation for micro X-Ray Fluorescence 
One Fe stone and one soil sample from the soil core between 0.4-0.6 m below ground 
level at BH1 were selected for detailed assessment using micro XRF and XANES. The Fe 
stone was washed three times in deionised water before being embedded in epoxy resin, cut to 
30 µm, polished and mounted on quartz slides. The soil sample had been frozen on collection. 
A slice of sample was cut from the core, whilst frozen, and then quick dried using nitrous 
oxide. This sample was embedded in resin, cut and polished to 30 µm, in the same way as the 
Fe stone sample. 
9.4.6 X-ray Fluorescence Microscopy  
The synchrotron-based spectroscopic work was performed at the X-ray Fluorescence 
Microscopy (XFM) beamline at the Australian Synchrotron (Paterson et al. 2011). Micro XRF 
allows for elemental concentrations at the micro scale (i.e. down to 0.1 µm) to be determined, 
allowing spatial variation of elements within a soil matrix or iron stone to be mapped. 
Elemental maps were collected using the 384-element Maia detector (Ryan et al. 2014), by first 
scanning a large part of the sample area (i.e. 10 mm x 5 mm) then reducing the scan, and 
increasing the dwell time, to targeted areas of interest within each of the samples i.e. 4 mm x 2 
mm. The targeted maps were collected with a pixel (0.002 x 0.002 mm) and dwell times of 4-5 
ms per pixel.  
In order to assess if elements were located and enriched in the same locations of the 
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soil or Fe stone, correlations of the XRF counts of elements of interest was assessed by scatter 
plots. Pearson-correlation coefficients were used to assess the statistical significance of 
correlation. Where fluorescent counts of two elements were well correlated (i.e. Pearson 
correlation coefficient greater than 0.7) these elements were indicated to be co-located and 
simultaneously enriched (Frierdich & Catalano 2012). Description of the measure of 
correlation was based on Hinkle, Wiersma and Jurs (2003). 
9.4.7 Arsenic and iron speciation analyses 
Arsenic and Fe K edge XANES was undertaken on two areas in the soil sample and 
two locations on the Fe stone to assess the oxidation state of As and Fe, respectively. Arsenic 
and Fe X-ray absorption near edge structure (XANES) spectroscopy allows determination of 
oxidation states of elements such as As and Fe, based on the unique electron bonding energies 
of elements having different oxidation states. The locations for K-Edge XANES were based on 
the distribution of As identified during the micro XRF assessment. Areas assessed using 
XANES were approximately 0.5 mm x 0.1 mm. Stacked XRF maps were collected at 112 
spaced energies between 11 820 eV and 12 100 eV (giving higher resolution across the As K-
edge region) to produce XANES spectra. The XANES spectra were extracted using the 
GeoPIXE software (Ryan et al. 1990). The As XANES spectra were compared against 
reference standards for As species found in the environment (Kinsela, Collins & Waite 2011). 
Similarly, the speciation of Fe was assessed using XANES images collected at 105 spaced 
energies between 6 992 eV and 7 462 eV (giving higher resolution across the Fe K-edge 
region). These spectra were compared against known Fe minerals prepared and assessed by 
Jones, Collins and Waite (2017).  
9.5 Results 
9.5.1 Soil condition – Tertiary Sediments 
The soil profiles at BH1 and BH2 comprised shallow brown and grey sandy 
clay/clayey sands; expected recent alluvial deposits (at less than 13 cm); overlying mottled 
grey clays, grey sands and; orange sandy clays. Red-brown coloured Fe stones and Fe 
cemented sands were encountered in soils at 0.4 m below the surface, consistent with soils of 
the Red Bluff Formation. The XRD mineral analysis identified quartz (from 62 to 79 %), 
goethite (from 6 to 22 %) and kaolin (12 to 24 %) as the key minerals in the Tertiary sediment 
samples. The Fe stone sample comprised 68% goethite and 32% quartz.  
Soils were wet below 1.2 m and 0.6 m at BH1 and BH2, respectively. Water infiltrated 
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into the base of BH2, during excavation. The pH, electrical conductivity and redox potential of 
the bore water at BH2 was 5.1 pH units, 562 mS/cm and 460 mV, respectively. No water was 
present at the base of BH1.  
The maximum total As concentration was found in the Fe stone samples (6 708 
mg/kg), followed by orange soils>mixed orange and grey soils>grey soils (Table 9-1). Total 
concentrations of As in the mixed orange and grey soils (i.e. representative of homogenized 
soils) exceeded the Australian screening criteria for protection of human health in a residential 
land use setting (100 mg/kg) and protection of ecology in an urban residential and open space 
setting (also 100 mg/kg) (NEPC 2013). 
Similarly, the maximum concentration of V was measured in the Fe stone samples 
(1361 mg/kg) followed by orange soils>mixed orange and grey soils >grey soils (Table 9-1). 
Australian guidelines do not include a risk screening level for V. However, total concentrations 
of V in the mixed orange and grey soils (maximum of 184 mg/kg), exceeded Canadian 
screening criteria for protection of human health in a residential land use setting (100 mg/kg) 
(CCME 2006).  
Total Fe, As and V in the Fe stone samples were significantly higher than As, V and Fe 
concentrations in the orange, grey and mixed orange and grey soils (P<0.05), whereas Mn 
concentrations were not significantly different between Fe stone and orange or mixed orange 
and grey soils (P>0.05). 
Table 9-2 Mean (n=4) As, Fe, V and Mn concentrations in iron stone, orange clays, grey 
clays and mixed orange and grey soils from Tertiary sediments. Standard deviation in 
parenthesis. 
Soil fraction As (mg/kg) Fe (mg/kg) V (mg/kg) Mn (mg/kg) 
Fe stone 3,367 (2670) 26,0017 (149,493) 602 (311) 72 (31) 
Orange 412 (459) 71,720 (41,673) 182 (208) 58 (39) 
Grey 37 (20) 10,565 (4974) 39 (18) 24 (8) 
Mixed 110 (51) 26,160 (10057) 75 (29) 29(20) 
 
Total As concentrations in soils and Fe stones correlated very strongly (R2=0.95) with 
total Fe, strongly with total V (R2=0.75) (Figure 9-2) and moderately with Mn (R2=0.51). 
Correlation between V and As increased when Fe stone samples were excluded from the 
analysis of correlation (R2 of 0.89 rather than R2=0.74). 
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Figure 9-2 Relationships between (i) total As (mg/kg) and Fe (%), (ii) total V (mg/kg) and 
Fe (%), (iii) total As (mg/kg) and Mn (mg/kg) and (vi) As and V for grey, orange and 
mixed  sediments (n=12) and Fe stone samples (n=4) 
9.5.2 Chemical extractions of As and V (Tertiary sediments)  
Under current soil conditions (oxic soils with a pH of 5.6 to 7.0 pH units), As and V 
had low leachability, with less than 1% of As and V extractable from soil or Fe stone samples 
when using CaCl2 extraction solution (soluble As < 0.1mg/kg) (Figure 9-3). Extractable Fe did 
not increase with increased total Fe concentrations; the concentration of extractable Fe from the 
orange soils was typically similar to the extractible Fe in the Fe stones (Figure 9-3). The only 
exception was for the concentration of Fe extracted using sodium pyrophosphate which was 
significantly lower (P<0.05) from the Fe stones than the soils (Figure 9-3). Similarly, the 
concentration of extractable V from the Fe stones using pyrophosphate was lower than 
extractable V from the soils (Figure 9-3).  
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Figure 9-3 Left, Extractable As, Fe, Mn and V. Right, percentage of extractable As, Fe, 
Mn and V from orange, mixed and grey clays and Fe stones from Tertiary Sediments of 
Melbourne; extracted using CaCl (CC), citrate dithionite (CD), ammonium oxalate (AO), 
sodium pyrophosphate (SP) and aqua regia digest (AR) 
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Maximum extractable As and V occurred using different extractants. The maximum 
extractable concentration of As (96 mg/kg) was extracted from Fe stone samples using 
ammonium oxalate. The maximum extractable concentration of V was 58 mg/kg and was equal 
to extractable V from the Fe stones using citrate dithionite extraction or extractable V from the 
mixed grey and orange soils using sodium pyrophosphate. However, the relative percentage of 
extractable Fe, V and As was higher in the grey soils compared to the orange soils or Fe stones 
extracted with citrate dithionite, ammonium oxalate or sodium pyrophosphate.  
9.5.3 Elemental concentration maps 
Due to limited time and availability, only one soil and one sediment sample were 
assessed using micro XRF. Elemental concentration maps were used to visually assess the 
distribution and co-enrichment of elements in the selected soil/sediment sample and selected Fe 
stone sample. Areas mapped as having high concentrations of As visually co-occurred with 
areas of high Fe in the soil and Fe stone samples from the Tertiary sediments (Figure 9-4). 
Interestingly, V was present as a band on the outer-edge of the Tertiary sediment Fe stone with 
visible veins of enrichment entering the core of the Fe stone (Figure 9-4). Localized areas of 
high As concentration, near the outer edge of the Fe stone, had relatively lower V 
concentrations. There was also a thin band of Fe enrichment on the very outer edge of the Fe 
stone, where As or V were not highly concentrated (Figure 9-4). Enrichment of Mn was highest 
on the soil pore edges (Appendix B).  
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Figure 9-4 Cut Fe stone from soil derived from the Tertiary sediments, Melbourne, 
showing micro XRF scan area and relative elemental concentration maps for Fe, As and 
V. “X” marks as area of high As, but relatively low V. 
Screening 
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may be risk 
based, 
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9.5.4 Spatial correlation between As, V and Fe  
To further assess the co-existence of As, Mn, V and Fe in the sediment and Fe stone 
sample, correlations between the counts of each element in the micro XRF concentration maps 
were assessed. Pixels from two selected areas on each of the micro XRF concentration maps 
were compared (Appendix B). Arsenic concentrations were moderate to strongly correlated 
with Fe in Tertiary Fe stones (correlation measured at two locations on the iron stone R= 0.6 to 
0.94) and strongly correlated in sediments R = 0.74 to 0.85 (Hinkle, Wiersma & Jurs 2003). 
Conversely, As concentrations were moderate to poorly correlated with Mn concentrations (r= 
0.16-0.61) in the Tertiary sediments and Fe stones, (Appendix B). 
High Mn, V and Cr concentrations were limited to areas that were also high in Fe. 
However, Fe was also enriched in other areas (where Mn, V and Cr were not enriched). As 
such, there were areas where Fe was high and Mn was low. Consequently, correlation 
coefficients between Mn, Cr and V with Fe were generally weak.  
9.5.5 Arsenic and Fe speciation in Tertiary Sediments and Fe stones 
Arsenic- K edge and Fe K-edge XANES were undertaken at two locations on the soil 
sample and on the Fe stone sample to assist in understanding the oxidation state and mineral 
species that had resulted in the co-occurrence of As and Fe. The spectra for soil and Fe stone 
samples (Figure 9-5) were compared to known As and Fe standards. The spectra for all samples 
(sediments and Fe stones) were very similar suggesting that As and Fe were in the same 
oxidised state in the sediments and Fe stones. The peak energy using the As -K edge, aligned 
well with the As(V) peak energy at 11.80 eV. The peak energy for the Fe- K-edge occurred at 
7.130 eV, which is indicative of iron in the (III) oxidation state. Extended X-ray Absorption 
Fine Structure (EXAFS) spectroscopy analyses were compared with data obtained for Fe(III) 
mineral standards. It is clear from Figure 9-5 that the sole, or predominant Fe(III) mineral, 
present is goethite.  
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Figure 9-5 Top: Comparison of edge-energy for As XANES for soil and Fe stone to 
As(III) and As(V) standards. Bottom.  Comparison of the Fe EXAFS sample spectra to Fe 
reference minerals. XANES undertaken on areas (a) and (b) on each sample. 
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9.6 Discussion 
9.6.1 Arsenic enrichment in Tertiary sediments and Fe stones 
Researchers have previously emphasised the importance of Fe oxides for the 
immobilisation of potentially toxic elements, including Mn, Co, Ni and Zn (Palumbo et al. 
2001; Tan et al. 2006). Here, we have shown that As and V are immobilised by Fe oxides, and 
subsequently enriched in Fe stones. Arsenic concentrations in Fe stones were up to 60 times 
that of the surrounding soils and 1 000 times higher than mean As concentrations in global soils 
(mean As in global baseline soils of 7.2 As mg/kg) (Wenzel 2013a). 
The chemical extraction results (Figure 9-4) showed that total Mn concentrations were 
not significantly greater in Fe stones compared to orange or mixed clays (P<0.05) in contrast to 
total Fe, As and V concentrations in these substrates. This indicates that Mn wasn’t enriched 
during Fe stone formation in the Tertiary sediment soils. Based on the low correlation between 
As, V and Mn in the sediments and soils, Mn did not play a key role in the enrichment of As in 
the soils formed on the Tertiary sediments (Van Ha et al. 2011). This is in contrast to findings 
from other researchers (Frierdich & Catalano 2012; Sun, Doner & Zavarin 1999). The lower 
(than previously reported) role of Mn in As and V sequestration in the Tertiary soil and Fe 
stone samples may be due to the low concentrations of Mn (relative to Fe) in the acidic Tertiary 
sediments (Table 9-1).  
The presence of As throughout the assessed Fe stone sample (Figure 9-4) shows that 
As accumulated with Fe during the formation of the Fe stone. The mineralogical similarity 
(described in Section 9.3.1) and elemental similarity between the Fe stone and the soil matrix 
indicates that the Fe stones formed in place, rather from the weathering and transport of 
laterites (Lindbo et al. 2000) or other Fe rich minerals.  
Iron stones in the assessment area are likely to have formed over many cycles of 
wetting and drying, whereby under reducing conditions (saturated soils) Fe(III) reductively-
dissolved into pore waters as Fe(II), while during dry and oxic periods Fe precipitated as 
Fe(III) infilling soil pores and cementing quartz particles together. This mechanism of Fe stone 
formation has resulted in the formation of Fe stones in soils from coastal south-western 
Australia (Singh & Gilkes 1992), northern Queensland (Coventry & Williams 1984),coastal 
south-east Queensland, Australia (Coaldrake 1961) and internationally in Cambodia (Mitsuchi 
1976) and Taiwan (Pai et al. 2003). Extensive formation of Fe stone and Fe rich layers in the 
Brighton Group is hypothesised to have occurred in the Tertiary period (Birch 2003), when the 
climate had higher rainfall than present (Gill 1961). 
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Geogenic As enrichment in soils/sediment is commonly due to the presence of 
arsenopyrite, Fe oxides and/or mineral intrusions (including Au, Cu and Ni, Sb, Pb, Zn, B, Co 
and Pt minerals) (Gustafsson & Bhattacharya 2007; Wenzel 2013b). It is proposed that the 
presence of As enrichment in the assessment area, is due to the weathering of mineralised 
soils/rocks hydraulically up gradient of the assessment area, including the Lysterfield 
Granodiorite (east) and/or the Silurian siltstone (north) (Birch 2003; VandenBerg 1997) (Figure 
9-6). Although, the As content in the Lysterfield granodierite is unknown, granodirites may be 
a source of As enrichment to soils (Peters 2008). Soils of the Silurian siltstone, hydraulically up 
gradient of the assessment area include As enrichment associated with the formation of Au rich 
intrusions, including soils in the vicinity of the Beaconsfield and Emerald townships where Au 
was historically mined (Beaumont 1959). It is suggested that As from areas of mineral 
enrichment in the Silurian siltstone and/or Lysterfield granodierite have been transported 
hydraulically down gradient to the low lying swamp areas of Melbourne during the wet climate 
of the Tertiary, where As was immobilised during the formation of the Tertiary sediments 
(Figure 9-6). As such, the source of As enrichment in the Fe stones and surrounding soils 
formed on Tertiary sediments is hypothesized to be a result of natural environmental 
conditions, rather than anthropogenic activities such as herbicide application. Results from 
environmental assessments in other areas of the Tertiary Sediments in Melbourne (AJM Joint 
Venture, 2016) have also reported arsenic enrichment with Fe stones at significant depth (i.e. 
greater than 8 m) further suggesting that the immobilisation of As in the Tertiary sediments did 
not occur during recent podsolization of soils (AJM Joint Venture, 2016). However, it is noted 
that the timing of As immobilisation by Fe stones cannot be fully understood by the data 
collected during this study.  
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Figure 9-6 Conceptual model of As enrichment in Tertiary Sediments of South West, 
Melbourne, sourced from mineral enrichment halos, hydraulically up gradient of the 
assessment area, and enriched during seasonal wetting and drying cycles. 
9.6.2 Vanadium enrichment in Tertiary Sediments and Fe stones 
Vanadium enrichment in the assessed soils is also expected to be associated with the 
weathering of naturally enriched soils, rather than contamination. The assessment area was 
historical used as market gardens. To the authors' knowledge, there is no information on V 
contamination to soil associated with typical applications of fertilisers or herbicides containing 
V. A continental scale assessment of V contamination of Europe soils found anthropogenic 
inputs of V in agricultural areas to be statistically insignificant compared to natural variations 
(Cappuyns & Slabbinck 2012; Guagliardi et al. 2018). However, V can be present within 
phosphate rock at up to 128 mg/kg and has been reported in Australian nitrogen phosphate and 
potassium fertilisers at 7.4 mg/kg (Vachirapatama et al. 2002). For V contamination from the 
surface application of fertilisers to have resulted in V enrichment of over 800 mg/kg as 
reported in the assessment area, an excessive amount of phosphate fertiliser (i.e. 6 kg of 
fertiliser/kg soil) would need to have been added to the environment over the approximate 70 
years of phosphate fertiliser use in agriculture in the area. In addition, one would expect V 
enrichment to be observed in shallow soils at the depth of application, and not limited to Fe 
stones greater than 0.4 m below the surface. Therefore, based on the vertical and lateral 
distribution of V and the lack of a feasible anthropogenic source of V, we suggest the V 
enrichment in the assessed Tertiary sediments is of natural origin rather than contamination 
from farming activities.  
Interestingly, V was concentrated in a band around the outer edge of the Tertiary Fe 
stone, with vein like intrusions of elevated V concentrations extending from the outer edge of 
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the iron stone towards the core of the iron stone (Figure 9-4). The low levels or absence of V 
within the inside of the Fe stone could be due to changed geochemical conditions and/or 
different sources of sediment deposits over the different time periods of the Fe stone formation 
(Burke et al. 2013; Telfeyan et al. 2017). Many studies have shown that the solubilities of As 
and V in sediments are largely governed by redox potential (Masscheleyn, Delaune & Patrick 
1991; Shaheen & Rinklebe 2017; Shaheen et al. 2016). However, only limited research has 
assessed differences between As and V solubility (Telfeyan et al. 2017). Shaheen et al. (2016) 
showed both V and As concentrations in sediments to be negatively correlated with increasing 
Eh (between -100 mV to 500 mV). The study by Shaheen et al. (2016) showed Fe solubility to 
reduce sharply as Eh increased above 300 mV. Vanadium and As solubility also decreased with 
increased Eh (Shaheen et al. 2016). However, the rate of decrease in soluble V was much lower 
than that of As, indicating environmental conditions where As may be immobilised (by binding 
to Fe oxides) whilst V remains in solution.  
We suggest, that during the early formation of Fe stones in soils formed on Tertiary 
sediments, redox conditions were moderate (for example 300 mV) with As III binding to Fe 
oxides, but V remaining soluble or bound to clay minerals or soil organic matter. Later in the 
Fe stone formation process, we hypothesize that Eh increased during oxidation through soil 
dewatering (for example to 450 mV, as reported at BH2) resulting in the adsorption of V onto 
the outer edge of the Fe stone. 
The increase in V sequestration to Fe in the later stages of Fe stone formation may also 
have been associated with a slight decrease in soil pH. Arsenic sorption to Fe oxides has been 
shown to be stronger than V sorption in both acidic (pH 4.8) (Youngran et al. 2007) and 
alkaline (pH 10) conditions (Burke et al. 2013). However, at pH 7, V may compete with As for 
immobilisation sites, resulting in the high concentration of V and low concentration of As on 
the outer edge of the Fe stone (Figure 9-4) (Huang et al. 2015).  
The soil pH at BH1 and BH2 ranged from 5.6 to 7.0 pH units. Vanadium becomes 
increasingly soluble at pH values greater than 8, due to V(V) anions being desorbed from 
charged mineral surfaces, which become increasingly negatively-charged as pH increases 
(Wright & Belitz 2010). A decrease in soil pH from 8 to 7 may have resulted in V sequestration 
on Fe. However, this study did not provide evidence of a pH drop from 8 to 7 pH units. 
Alternatively, the initial Fe stone formation may have occurred at a different geological time, 
when little V was within the Tertiary sediment environment, but As was available.  
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9.6.3 Mobility of As and V in Tertiary sediments 
Arsenic and V were immobile (leachability of <1%) in soils and Fe stones under the 
current (aerobic, mildly acidic conditions) soil conditions. Interestingly, the percentages of 
extractable As and V, under each of the tested leachates, were highest in the grey soils 
compared to the Fe stones and orange soil. The grey soils observed in the Tertiary sediments 
are likely to indicate reduced oxygen conditions, whereby Fe is present as Fe2+ (associated 
with green and grey colours) rather than the orange and red Fe3+(Coventry & Williams 1984). 
Iron oxides in reduced environments have reduced metal sequestration capacity (Wang et al., 
2012), resulting in the observed increase in As and V extractability in grey clays. Thus, 
although As and V concentrations were lowest in the grey clays, these soils may pose an 
increased risk to the environment due to increased metal solubility, compared to the orange 
clays or iron stones.  
The citrate dithionite extractions indicated that a small percentage (less than 1%) of Fe 
in the Fe stones, red or grey clays, was easily extracted from poorly crystalline Fe oxide 
minerals, such as goethite and ferrihydrite. Our results are consistent with research by 
Alexander (1974) who found that citrate dithionite had poor recovery of Fe from highly 
weathered soil environments and we suggest that the weathering process is the reason for the 
lack of extractability of Fe in our results too. Our chemical extraction results indicate that Fe, 
As and V were bound strongly in Fe stones and that even in more extreme environments (e.g. 
highly acidic and or highly reducing), As and V are unlikely to be appreciably mobilised from 
Fe stones. However, it is noted that the transformation kinetics of As(V) to As(III) in the 
environment can be very slow (Onken and Hossner, 1996), therefore laboratory assessment of 
As mobilisation may not be an accurate indication of As mobilisation under environmental 
conditions.  
The low solubility of As in the current oxidised Fe stones) was further supported by the 
XANES results, which found As to be present as arsenate associated with goethite. This 
suggests that, under current oxic conditions, As bioavailability or leaching to groundwater is 
likely to be low, and thus, the risk of As uptake by plants or mobilisation to groundwater 
underlying oxidized Tertiary sediments is also expected to be low. We suggest further field 
assessment of groundwater As and V concentrations in these areas, particularly where 
groundwater conditions may be changed during land development measures, including 
basement/infrastructure dewatering or recharge from storm water additions to groundwater. In 
addition, based on the banding of V and As, management measures or remediation methods 
used to maintain immobilisation of As, may not be suitable for immobilisation of V (and vice 
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versa). 
Approximately 20 to 40% of total V and 10 to 30% of total As was mobilised by 
extraction with sodium pyrophosphate for sediments, indicating that the measured portion of 
the V and As in sediments was bound to the organic fraction. Approximately 10 to 30% of total 
Fe was also released using the sodium pyrophosphate extraction. In environments where As(V) 
and dissolved or colloidal Fe-OM are present, Fe plays an essential role in binding As to OM 
via Fe bridges and the formation of As-Fe-OM complexes (Sharma et al 2010). Based on the 
comparable percentage of Fe, As and V released from sediments using the sodium 
pyrophosphate extraction we suggest that Fe, in the Tertiary sediment may also be playing a 
key role in binding As and V to organic complexes. Under reducing conditions, which could 
result in reduction of Fe organic complexes, resulting in increased mobilisation of As and V 
could occur (Lovely and Phillips, 1986). However, further studies would be required to assess 
this the significance of As and V mobilisation of As and V from the organic fraction in under 
changed soil conditions. 
9.7 Conclusions 
Assessment of micro scale distribution of As, V, Mn and Fe in an Fe stone from 
Tertiary Sediments of Melbourne, indicated that As and V were bound to Fe (rather than Mn) 
and that As and V did not co-accumulate. Rather the banding of V on the outer edge of Fe 
stone suggests that V and As were immobilised with Fe under different geochemical conditions 
(likely influenced by a change in redox and or pH). Localised areas of As enrichment and V 
depletion suggested that under some conditions V may compete with As for immobilisation 
sites.  
The low solubility of As and V in each of the extractions tested suggests that under 
changing environmental conditions, including changes in pH and redox conditions, only a 
small fraction of As or V may solubilise. Under current oxidized conditions the presence of Fe 
stones and Fe rich soils are expected to sequester geogenic V and As and minimize As and V 
bioavailability and leachability.  
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10.1 Synthesis of research and application of results  
The research outlined in this thesis was undertaken to address uncertainty about the 
expected background concentrations of potentially toxic elements in Victorian soils at the local 
scale and regional scale with relevance to the environmental assessment of land. Differences in 
concentrations of potentially toxic elements in soils from different parent materials were 
identified and environmental and anthropogenic influences of element enrichment within soils 
of the same parent material were assessed (Chapter 6).  
As described in Chapter 9, the research in this thesis has highlighted that background 
concentrations of potentially toxic elements can vary by an order of magnitude within a single 
soil sample due to the micro-scale geochemical sequestration of metals to Fe oxides. As such, 
determination of background metal concentrations is largely influenced by the scale at which 
the investigation is undertaken.  
The objectives of this research were to provide; an understanding of the distribution of 
ambient background concentrations of potentially toxic elements in Victorian soils; evidence of 
how geogenic metal/elements are bound in the soil matrix; and improved methods for 
distinguishing natural enrichment from added contamination. The project objectives have been 
fulfilled by answering the following research questions: 
1. What statistical methods are suitable for deriving ambient background upper limits 
from open-source soil datasets? 
2. What is the range and expected upper limit of background concentrations of As, Cd, 
Cr, Cu, F, Pb, Hg, Mn, Ni, V and Zn in the targeted Victorian soils?  
3. How do anthropogenic and environmental factors influence ambient background 
concentrations of potentially toxic elements in the targeted Victorian soils? 
4. Can geochemical normalisation with Fe be used to predict ambient background 
concentrations of key elements of environmental concern (As, F, Cu, Cr, Ni, Zn) in the 
targeted Victorian soils? 
6. Why, and how, is As and V enriched in soils formed on the Tertiary Sediments of 
Victoria? 
10.2 Addressing research questions 
The following sections synthesise the information presented in this thesis with respect 
to answering each of the research questions. In addition, a framework for application of this 
research to support environmental characterisation of naturally enriched soils is proposed. 
Recommendations for on-going research to address outstanding issues are provided and 
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limitations of this work are described with reference to current guidance and environmental 
practice methods. 
10.2.1 What statistical methods are suitable for deriving ambient background 
upper limits from open-source soil datasets? 
As part of environmental assessment of land, it is often required that an “upper limit” 
for ambient background metal/element concentrations is derived for application as a regional or 
site-specific screening criteria (Ander et al. 2013; BSI 2011 ; NEPC 2013). Screening criteria 
for ambient background concentrations of potentially toxic elements are developed for three 
key reasons: 
• to identify if soils have been contaminated from a point source (Ander et al. 2013);  
• to indicate if soils may pose an unacceptable risk to human or ecological  health due to 
a depletion or excess of potentially toxic elements (Zhong & Jiang 2017); or 
• to identify areas of mineralisation for the purpose of mining (Xie & Cheng 2014). 
The high variability of ambient background concentrations of potentially toxic 
elements concentrations across the Assessment Area (Chapter 6), suggests that the use of a 
single screening level for expected ambient background concentrations is not appropriate. It is 
likely that with single screening levels that added contamination in areas of low background 
concentrations would likely be missed and areas of natural enrichment erroneously categorised 
as contamination. This is in agreement with many countries that are moving away from 
national screening levels to regional, site specific or soil-type specific criteria (Ander et al. 
2013; NEPC 2013; Tarvainen et al. 2011). 
In Chapter 6 and Chapter 8, the difference between ambient background concentrations 
of potentially toxic elements in different regions and parent material were highlighted. In 
addition, some elements were typically higher in surface soils compared to the sub-surface 
(such as Pb, Zn, Mn), whilst others were enriched in sub surface soils (such as Ni, As, Cr, F). 
Typical upper limits of ambient background concentrations derived for surface soils for Ni and 
F were found to underestimate expected background Ni and F at depth in some soils, and 
similarly, ambient background upper limits derived for Pb using sub-surface soils were found 
to underestimate Pb concentrations in some surface soils. Therefore, consistent with (Reimann, 
Filzmoser & Garrett 2002), the outcome of this research suggests soil data should be separated 
by region (loosely based on similar weather conditions), parent material, and also soil horizon 
or sample depth, prior to statistical derivation of expected upper limits of background 
concentrations. 
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The collection of background soil data for derivation of ambient background upper 
threshold limits can be time consuming and expensive. This study highlighted that open source 
environmental data, when suitably screened (as described in Chapter 3) can be used to 
supplement quality soil survey data and provide an indication of local background metal 
concentrations. 
In Chapter 3, the accuracy of common statistical methods for screening potential 
contaminated samples from background soil datasets were assessed and validated using a 
manual screening method. The Median plus Two Median Absolute Deviations was 
demonstrated to be a conservative method for derivation of ambient background upper 
concentration limits (i.e. expected maximums). The upper whisker of a boxplot and the point of 
inflection on a cumulative frequency plot, were also considered adequate methods for deriving 
ambient background upper concentration limits, where the percentage of contaminated samples 
is less than 25%. The upper whisker of a box plot was recommended as the preferred method 
for deriving ambient background upper limits due to the subjective nature of identifying a point 
of inflection on a cumulative frequency plot, and the conservative nature of the median plus 2 
standard deviations approach. 
As discussed in Chapter 3, statistical approaches cannot determine if soils are naturally 
enriched or contaminated. My research has demonstrated that further lines of evidence are 
required to support whether elevated concentrations of potentially toxic elements in soils are 
due to anomalous results, laboratory error, or contamination. It is suggested that where element 
concentrations exceed expected background concentrations, and are expected to be associated 
with contamination, that an environmental risk assessment should be undertaken (Ander et al. 
2013; NEPC 2013). 
10.2.2 What is the range and expected upper limit of background 
concentrations of As, Cd, Cr, Cu, F, Pb, Hg, Mn, Ni, V and Zn in the 
targeted Victorian soils?  
The background concentrations of metal/elements in soils in the Assessment Area, 
based on both survey and screened open source data were provided as raw data (i.e. a 
database), summary statistics and as mapped spatial information (Chapter 5).  
The Survey dataset included results reported as below the LOR, as such, methods for 
managing censored data were required for the derivation of summary statistics (Chapter 4). A 
range of methods recommended in environmental science for managing censored data were 
tested using a subset of the background soil dataset, for elements where all results were above 
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the LOR. The methods assessed included removal of censored results, substitution of a fixed 
value (near zero, half the limit of reporting and the limit of reporting), substitution by nearest 
neighbour imputation, maximum likelihood estimation, regression on order substitution and 
Kaplan-Meier/survival analysis. Based on analysis of different methods for managing results 
below the LOR, substitution of censored results with half the limit of reporting was adopted as 
a suitable method for calculation of typical summary statistics, such as the geometric mean. Of 
note, the accuracy of all assessed methods decreased with increasing percentage of censored 
data. As such, caution was suggested for application of substitution methods where more than 
50% of the dataset were censored results.  
The range (i.e. minimum and maximum) reported background concentrations for soils 
from each parent material and statistical domain are presented in Chapter 6 and Chapter 7. The 
upper whisker of a box plot, which can be used as an “expected upper limit” for background 
metal/element concentrations for each of the statistical domains, within the Assessment Area, 
are summarised below (Table 10-1).  
For elements Cd, Hg and As, the expected upper limit of ambient background 
concentrations was not calculated in some regions due to a high percentage of results that were 
below the limit of reporting (i.e. greater than 75% of results). The expected background 
concentrations of these elements are below the limits of reporting  
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Table 10-1 Typical upper limit of background concentrations (mg/kg), based on upper 
whisker of a box plot for Surface (S) and sub-surface (SS) soils overlying Tertiary-
Quaternary basalt (Qvn), Silurian sandstone and siltstone (Sla/Sud) and Tertiary 
sediments (Tpb) 
Region PM Depth Potential Upper Limit (mg/kg) 
As Cr Cu F Hg Mn Ni Pb V Zn 
Ballarat Qvn S 17 220 28 220 <0.1 1749 29 42 152 76 
Ballarat Qvn SS 21 229 32 380 <0.1 3394 75 39 218 33 
Geelong Qvn S 11 77 18 270 <0.1 775 48 21 110 40 
Geelong Qvn SS 10 109 22 400 <0.1 583 106 21 132 53 
Melb/Mitchell Qvn S <5 94 27 230 <0.1 1103 50 36 112 65 
Melb/Mitchell Qvn SS <5 79 27 330 <0.1 862 74 23 146 46 
Melb/Mitchell  Sla/Sud S 11 37 31 340 <0.1 633 32 38 39 68 
Melb/Mitchell Sla/Sud SS 18 79 36 670 <0.1 135 48 30 111 74 
Melb/Mitchell Tpb S <5 26 13 150 <0.1 162 9 27 56 69 
Melb/Mitchell Tpb SS 33 60 <5 330 <0.1 76 17 26 107 33 
Geelong Tpb S 32 44 <5 210 <0.1 167 13 21 135 40 
Geelong Tpb SS 48 88 <5 440 <0.1 53 36 18 280 40 
Fill Criteria (EPA Victoria 2009) 20 - 100 450 1 - 60 300 - 200 
PM= Parent Material, Melb= Greater Melbourne 
There were several soil domains where the calculated expected upper limit of 
background (Table 10-1) was greater than the current Victorian guidance for categorisation of 
soils as contaminated waste (EPA Victoria 2009): 
• Arsenic, in surface and sub-soils overlying Tertiary sediments 
• Fluoride in sub-surface soils overlying the Silurian formation 
• Nickel in sub-surface soils of the Tertiary-Quaternary basalt.  
When undertaking waste categorisation in the above soil domains, the current industrial 
waste screening criteria (EPA Victoria 2009) are relatively low compared to the expected 
ambient background concentrations of potentially toxic elements. Where ambient background 
concentrations of soil exceed industrial waste screening criteria natural soils may be incorrectly 
categorised as contaminated waste. For these particular areas (soil domains) and elements, the 
typical upper limits proposed in (Table 10-1)  may be more appropriate screening criteria for 
identifying samples if samples are potentially impacted by added point source contamination. 
In addition, the current industrial waste resource guideline criteria (EPA Victoria 2009) 
for As is not in line with human health and ecological risk criteria (NEPC 2013). The screening 
criterion for As contamination as described in Victoria guidance is 20 mg/kg, whereby a result 
above 20 mg/kg is considered to indicate potential contamination. This screening criterion is 
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well below current ecological and human health risk criteria for As (of 40 mg/kg and 100 
mg/kg respectively, for sensitive land uses) (NEPC 2013) and in some areas, such as Tertiary 
sediments, below the expected range of ambient background concentrations. Therefore, where 
supported by environmental risk assessment (including assessment of risk to groundwater), it 
may be reasonable to revise Victorian waste categorisation criterion (EPA Victoria 2009) to be 
more consistent with toxicological and risk criteria. 
Further, site-specific assessments within the assessed domains may identify areas or 
soil types that require site-specific ambient background concentrations to be derived. The 
highest and second highest Ni concentrations (300 mg/kg and 286 mg/kg of Ni, respectively) 
were reported in sub surface soils at Mt Buninyong, in Greater Ballarat. Mt Buninyong is one 
of the youngest volcanos in the Ballarat region, ca. 200-220, 000 years ago (Oostingh et al. 
2017). The statistical domain for parent material, adopted during this research, was based on 
soils overlying Newer Volcanics. The Newer Volcanics geology includes basalt eruptions from 
recent times, (e.g. 35,000 years ago at Tower Hill, west Victoria) and the very beginning of the 
Quaternary, such as eruptions at Mount Kororoit (Greater Melbourne) approximately 3.74 
million years ago (Matchan et al. 2018). The results of my study, found that Ni concentrations 
in basalt derived soils decreased with increased weathering. Therefore, the recommended upper 
limit for Ni presented in Table 10-1, is expected to under estimate background Ni 
concentrations in relatively young volcanic soils, such as those at Mt Buninyong. Similarly, As 
concentrations in Fe stone (maximum of 6,708 mg/kg, as described Chapter 9) far exceeded the 
upper concentrations recommended in Table 10-1. Site specific background screening levels or 
specific risk criteria would likely be more appropriate than the screening criteria presented in  
Table 10-1  in areas impacted by gold deposits and or for soils high in Fe stone or Fe 
concretions, where metals have been naturally sequestered and enriched.  
The upper limits for ambient background concentrations described in Table 10-1 are 
specific to sample depth intervals (0 to 0.1 m and 0.3 to 0.6 m). Soil surveys and environmental 
risk assessment typically include samples collected at 0.1 m intervals, particularly at the soil 
surface (de Caritat & Cooper 2011).The ambient background concentrations of potentially 
toxic elements in surface soil (e.g. sample interval of 0-0.02 m) are likely to be higher than the 
upper limits presented here for soils with an interval of 0 to 0.1 m because elements associated 
with diffuse surface deposition (e.g. Pb) tend to accumulate close to the soil surface (e.g. 0 to 
0.02 m) (Mackay et al. 2013). Therefore, it may not be suitable to use ambient background 
screening criteria derived for soils within the sample interval of 0 to 0.1 m for shallower soil 
depths (Martin et al. 2016). Further assessment of the vertical distribution of ambient 
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background concentrations of potentially toxic elements in soils (i.e. within 0.02 m intervals) 
may improve our understanding of the quantity of diffuse atmospheric inputs to soils (Mackay 
et al. 2013).  
10.2.3 How do anthropogenic and environmental factors influence ambient 
background concentrations of potentially toxic elements in the targeted 
Victorian soils? 
To identify the key influences on concentrations of potentially toxic elements, in soils 
of the Assessment Area, the following analyses were undertaken: factor analysis, assessment of 
Pearson Correlation Coefficient, machine learning and spatial mapping (Chapter 6 and Chapter 
8). Parent material, and region were identified as the key factors affecting spatial variability of 
potentially toxic elements. Spatial variability of ambient background concentrations of 
potentially toxic elements in soils from similar parent material, but different regions, correlated 
with the extent of weathering, distance from the coast, differences in alluvial deposition and 
land use (Chapters 6 and 8). Weathering of soil was correlated with both metal depletion (as 
shown for Ni and Cu) and metal enrichment, as shown for Fe, Al, Cr, As and V (Chapters 6 
and 7).  
The influence of diffuse anthropogenic factors versus environmental factors on the 
ambient background concentrations of potentially toxic elements in soil was difficult to 
quantify, due to the co-location of key pollution sources with potential environmental sources 
of enrichment, such as the negative correlation between slope and urbanisation. Interpretation 
of many soil surveys is hampered by the influence of confounding variables, including 
differences in vegetation with proximity to the ocean (Reimann et al. 2009) and differences in 
correlation between rainfall and deposition of atmospheric pollutants (Stankwitz, Kaste & 
Friedland 2012). The presence of potential confounding variables requires further assessment, 
with potential need for increased sample frequency and increased regional extent, to distinguish 
factors associated with the proximity to anthropogenic sources verse environmental controls.  
In chapter 3 and 6, enrichment of Pb in surface soils of Greater Melbourne compared to 
sub-surface soils was attributed to biological cycling and/or diffuse anthropogenic 
contamination. The mean difference between surface Pb and sub-surface Pb concentrations was 
5.6 mg/kg for soil from the Assessment Area, which is consistent with estimated quantities of 
added Pb contamination to remote lake sediments in Australia (approximately 5 mg/kg) (Marx, 
Rashid & Stromsoe 2016). However, the results are much higher than estimates of diffuse Pb 
inputs across Australia at a continental scale, which was estimated to be <0.5 mg/kg (Fabian, 
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Reimann & de Caritat 2017).  
As described in Chapter 1, the magnitude of the role of biological cycling of Pb in the 
observed Pb enrichment of surface soils across the globe is currently under debate. If Pb 
enrichment in surface soils of the Assessment Area were controlled by biological translocation 
of Pb from sub-surface soils to the surface by plants (Reimann et al. 2015), one would expect 
surface Pb concentrations to be positively correlated with areas of high vegetation and high 
biological transfer. In the dry climate of Victoria, increased vegetation in recent history would 
be expected to correlate positively with rainfall and associated water infiltration into soil, as 
represented by the Prescott Index (Xu et al. 2017). Surface Pb concentrations were positively 
correlated with the Prescott index for soils overlying basalt (R=0.25, P <0.01) but not 
significantly correlated for surface soils overlying Tertiary sediments or Silurian 
siltstone/sandstone. Lead and Zn concentrations in surface soils were significantly correlated 
with fraction vegetation cover for soils overlying Tertiary sediments but not for soils overlying 
basalt of siltstone/sandstone. Zinc enrichment in urban soils of Sydney was attributed to 
deposition from roadside dust and atmospheric deposition (Davis & Birch 2011). If Zn and Pb 
enrichment in surface soils were due to deposition of atmospheric contamination, one would 
expect Pb and Zn concentrations to positively correlate with urbanisation. Lead and Zn 
concentrations in surface soils in the Assessment Area were correlated with urbanisation (as 
measured using the night light index) for soils overlying sediments and siltstone/sandstone, but 
were not significant correlated with urbanisation for soils overlying Tertiary-Quaternary basalt, 
where Pb enrichment was shown to be influenced by weathering of different aged basalts. 
Therefore, the results of this study are not conclusive; Pb and Zn enrichment in surface soils 
may be influenced by biological cycling and/or deposition of diffuse atmospheric pollution. 
Further assessment would be required to quantify the contribution of anthropogenic Pb and Zn 
contamination to soils. Further assessment may include analysis of Pb isotopes and assessment 
of geochemical patterns of enrichment between arid areas (areas of low biological transfer) and 
areas of high vegetation and associated biological transfer.  
Agricultural practises were also identified as a potential factor associated with diffuse 
enrichment of ambient background concentrations of metal/elements of potential concern 
(Chapter 8). Based on strong correlation between P and F in soils overlying sediments, 
enrichment of F in agricultural areas verses parks and nature reserves was considered 
potentially a result of phosphate fertilizer application (Chowdhury, McLaren & Swift 1997; 
McGrath & Tunney 2010; McLaughlin et al. 2001), soil nutrient cycling and or other 
agricultural influences on plant uptake and loss of organics from soils (Chowdhury, McLaren 
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& Swift 1997). However, given the pattern in F enrichment in agricultural soils was not 
observed across soils overlying other geologies, it is uncertain if agricultural activities are the 
cause of F enrichment, or potentially unassessed confounding variables may also be 
influencing F variability. Further assessment of potential F enrichment in agricultural soils is 
required to quantify potential contaminant loading, via application of fertilisers. Zinc, which 
can also become enriched in soils associated with phosphate fertiliser application (McGrath & 
Tunney 2010), was not significantly enriched in soils overly Tertiary sediments, indicating that 
the source or cycle of Zn extraction of agricultural soils has not resulted in Zn loading to 
agricultural soils.   
Atmospheric emissions of most metals from industrial and residential practices in 
Australia, have reduced over the last 40 years, including a 99% decrease in atmospheric Pb 
emissions that is associated with the removal of Pb from fuel (Kristensen 2015). However 
emissions of F to air, are comparatively high compared to common metals of concern; 
approximately 340,000 kg of F compounds was emitted to air in Australia from registered 
industries in 2016-2017, compared to 14,000 mg/kg of Zn and 1300 mg/kg of Pb licenced to be 
emitted (DSEWPC 2017). The current regional scale study did not identify correlation between 
the distance of soils from F emitters and ambient background F at a regional scale (Chapter 7). 
However, many studies have shown that F is deposited within close proximity to emission 
sources (i.e. within 5 km) (Brougham et al. 2013; Hocking, Hocking & Smyth 1980; Jha et al. 
2008; Mirlean & Roisenberg 2007). The magnitude of industry emissions and ongoing 
application of diffuse F via agricultural fertilisers, highlights the need for further assessment of 
ambient background concentrations of F in soils, including assessment of potential long term 
increases in F in surface soils. The results of this study highlight that further research is 
required to understand and quantify anthropogenic factors on ambient background 
metal/elements in soil and potential influences of biological cycling and dust transfer.  
10.2.4 Why, and how, is As and V enriched in soils formed on the Tertiary 
Sediments of Victoria? 
Enrichment of As and, to less of an extent, the enrichment of V has been reported in 
association with hydrothermal veins and gold deposits (Abdul-Wahab & Marikar 2012; 
Dongarrà et al. 1995). However, the potential for co-enrichment of As and V in the 
environment has previously gained little attention in the peer-reviewed literature (Fox & Doner 
2003; Rango et al. 2013).  
In the current study, As and V enrichment were identified in soils that were likely 
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transported from mineralised areas, with subsequent accumulation of As and V in the Tertiary 
sediments with Fe oxides (Chapter 9). Arsenic and V enrichment was found to be co-located 
with Fe enrichment in soil, sediment and iron stone samples, suggesting As and V are bound or 
substituted within Fe oxides in the soil matrix. Further assessment of the presence of As and V 
in Fe stones, identified interesting differences in the likely timing of As and V sequestration 
within soils formed on Tertiary sediments, south east of Melbourne. Arsenic was found 
enriched through the centre of the Fe stone, suggesting that the Fe stone was formed in an As 
enriched environment. The presence of a band of V enrichment on the outer edge of an As 
enriched Fe nodule, provided evidence of geochemical conditions where V sequestration was 
favoured over As sequestration, or evidence of a changed environment where soluble As was 
no longer present. However, there was insufficient information to determine the geochemical 
conditions responsible for changes in As and V immobilisation. The lack of understanding of 
varying conditions which have resulted in immobilisation of As and V highlights uncertainty of 
conditions which may change As and V mobility in soils underlying Melbourne and how this 
may impact groundwater.  
The results of the soil survey found that As and V were not enriched in all assessed 
areas of the Tertiary sediments, which is likely due to the varied marine and freshwater and soil 
deposits that make up the Tertiary sediments and varying parent materials of soils deposited as 
Tertiary sediments. Further assessment of the specific parent material or environmental 
conditions that have resulted in co-enrichment of As and V in soils formed on the Tertiary 
sediments of Melbourne may assist in identifying further areas of the environment where As 
and V enrichment is present.  
The micro XRF study of As and V enrichment in Fe stones, also demonstrated the 
micro scale variability of metal/metalloid concentrations soils, whereby As concentrations in 
one soil sample may range from acceptable concentrations to 10 fold the Australian human 
health risk criteria (Chapter 6), (NEPC 2013). Environmental soil sample collection methods 
typically recommend collection of samples form a specific depth interval, and do not specify 
separation of different soil fractions from the sample (NEPC 2013). The results of this work 
suggest that, where high micro-scale variability in ambient background concentrations are 
present, environmental assessors should consider the pathways for exposure of receptors to the 
elevated element concentrations and review whether use of a composite soil sample intervals 
(i.e. soils from 0 to 0.1 m core) or separated samples (i.e. split by colour or texture) are 
necessary to accurately assess risks.  
When at the soil surface, Fe stones that are potentially high in As and V could easily be 
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picked up and swallowed by young children (Moya, Bearer & Etzel 2004), birds or other 
animals. During environmental assessment, iron stones, would typically be excluded from 
samples prior to analysis, by standard sieving (2 mm) methods. My research suggests that 
potentially toxic element concentrations in Fe stones should also be assessed, in addition to 
soils.  
For assessment of the potential risk of naturally enriched soils to humans and animals, 
my research suggests that concentrations of potentially toxic elements in Fe stones should be 
assessed in addition to assessment of soils.  
In chapter 9, it was shown that leachability and associated risk of As mobilisation 
varied between grey clays, orange clays and Fe stones in soils derived from Tertiary sediments. 
The results of this study reported low leachability of As and V under current oxic conditions, 
indicating low risk to groundwater. However, no assessment of bioaccessability was 
undertaken to assess potential risk to humans or other organisms. For example, bioaccessability 
assessment of As enriched Fe stones in Jurassic ironstones of England, reported 1.2 to 33% 
bioaccessable As (Palumbo-Roe et al. 2005). Therefore, further assessment of risk to human 
health from exposure to environments naturally enriched with V, As and Fe is required. 
10.2.5 Can geochemical normalisation with Fe be used to predict ambient 
background concentrations of key elements of environmental concern 
(As, F, Cu, Cr, Ni, Zn) in the targeted Victorian soils?  
Geochemical ratios between elements of environmental concern and Fe have been 
recommended for estimation of “background” concentrations of Cr, Cu, Ni and Zn in soil 
(Hamon et al. 2004) , Pb (Myers & Thorbjornsen 2004) and V (Aide 2005). In chapter 7, 
geochemical correlations between elements in soils from different parent materials and 
environments were compared against geochemical relationships reported in Australia and 
internationally. 
For soils in the Assessment Area, ratios of Cu, Ni, and Zn with Fe were not consistent 
with other ratios proposed in the literature (Hamon et al. 2004). The differences in geochemical 
ratios between soils in the Assessment Area and national datasets for Cu and Ni were indicated 
to be associated with the extent of soil weathering, where by Ni and Cu ratios to Fe were lower 
in extremely weathered soils compared to moderately to highly weathered soils (Chapter 8).  
Geochemical patterns for Zn were different between surface and sub-surface soils. 
Published geochemical indices for Zn (Hamon et al. 2004), and regression tree models 
developed in the current study for estimation of surface Zn, were found to have poor accuracy. 
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It was hypothesized that geochemical patterns of Zn enrichment were influenced by diffuse 
anthropogenic contamination or biological cycling, which were not able to be accurately 
modelled by the geochemical data. 
Conversely, ratios of Cr and Fe in soils of the Assessment Area were relatively 
consistent across parent materials, and comparable to published models for estimation of 
background Cr. Studies have previously suggested that correlation between metals and Fe was 
due to sequestration of metals with Fe during soil formation (Hamon et al. 2004). The strong 
correlation between Cr and Fe was attributed to the presence of consistent ratios of Cr and Fe 
in soil parent material or bedrock and co-enrichment of Cr with Fe during soil formation due to 
the resistance of common Cr/Fe minerals, such as chromite (FeCr2O4), and magnetite 
(Fe(II)Fe(III)2O4), rather than sequestration of Cr with Fe.  
Due to the large variability of ambient background concentrations of Cu, Cr, Ni and Zn 
following normalisation, the results of the current study indicate that geochemical ratios alone 
are not a suitable means for deriving expected upper background concentrations. Given the 
variability of estimated background concentrations, based on normalisation with Fe, alternative 
models for estimation of ambient background metal/element concentrations were developed. 
Alternative models for estimation of background metals include development of spatial 
predictive models or digital soil maps (McBratney, Mendonça Santos & Minasny 2003).  
A spatial model for estimation of F variability in the environment, using geospatial 
variables, was developed (Chapter 7). The adopted geochemical and spatial variables where 
insufficient to capture more than 50% of variability of ambient background F concentrations. 
Further research is required using higher frequency of samples and supported by geospatial 
data to develop accurate soil digital maps of background metal/element concentrations, similar 
to those provided for pH and clay content in Australia (Grundy et al. 2015) and those provided 
for Cr and Na in central Western Australia (Wilford, de Caritat & Bui 2015). However, given 
the variability of ambient background concentrations of potentially toxic elements within a 
single soil sample, spatial models of estimation of background concentrations are likely to only 
provide an expected mean concentration.  
The use of regression tree models for estimation of ambient background element (Cu, 
Cr, Ni, F and Zn) concentrations, based on geochemical variables (rather than spatial variables) 
was presented for the first time in the research literature in (Chapter 7 and Chapter 8). 
Regression Tree models provided improved accuracy of geochemical estimation of ambient 
background concentrations of F, Ni and Zn compared to use of geochemical indices (Chapter 
7). The regression tree models allowed for geochemical grouping of data prior to 
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normalisation, and as such, was able to account for differences in soil chemistry between soils 
of different parent materials and weathering intensity.  
With the support of other lines of evidence geochemical correlation and regression tree 
models can be used to provide an indication of changed geochemical conditions (i.e. 
weathering) or potential contamination. However, geochemical indices should not be used 
without site-specific assessment of potential environmental or anthropogenic controls on 
variability. The application of geochemical regression models for distinction of natural 
enrichment from contamination should be supported by an evidence-based approach, as 
described in the section 10.3.  
10.3 Application of this research 
Based on the results of this research and review of current Australian guidance, a 
framework for distinguishing natural enrichment from contamination in soil, during 
environmental site assessment has been developed and is presented in Figure 10.2.1. Where it 
is unclear if elevated soil results are due to contamination or natural enrichment it is 
recommended that multiple lines of evidence are used to support one’s technical judgement.  
This study has identified environmental indicators of natural enrichment of potentially 
toxic elements in soil, which can be used to support distinguishing contamination from natural 
enrichment. For key potentially toxic elements As, Cr, Cu, F, Ni, Zn geochemical regression 
methods for distinguishing natural enrichment from contamination were derived. The 
environmental and geochemical indicators of natural enrichment of potentially toxic elements 
in soil are summarised in Table 10-2 to Table 10-12. 
The stages of the framework (Figure 10-1) which can be directly supported by this 
research are described below: 
1. Potential screening criteria for the Assessment Area are presented in Table 10-1.  
2. Geogenic sources of enrichment of potentially toxic elements in soils of the Assessment 
Area are summarised in Table 10-.2 to Table 10-12. 
3. Summary statistics for soil domains within the Assessment Area are provided on the soil 
Explorer Victorian Background Soil Database website 
http://doi.org/10.4225/61/5a3ae6d48570c  
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4. Environmental indicators and geochemical indices for predicting background 
concentrations are provided in Table 10-.2 to Table 10-12. 
 
 
Figure 10-1 Proposed framework for evaluation of naturally enriched soils, during 
environmental site assessment. Notes on how this research can be applied withint the 
propsoed framework shown on the right.  
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Table 10-2 Arsenic- Environmental and geochemical indicators of enrichment for soils 
Potential 
Geogenic Sources 
Arsenic commonly occurs in hydrothermal metal sulphides, either co-precipitated 
with metal ores (such as gold), or as separate mineral ores such as As sulphides or 
arsenic metal oxides (Ashley et al. 2006; Smith et al. 2003). Arsenic is commonly 
used as a tracer element for mineral exploration of gold, because the halo of As 
enrichment around an ore body is generally more easily detected than the halo of 
gold enrichment (Savage et al. 2000). Shales of marine origin are often enriched 
in As due to the strong affinity of As to bind to metal sulphides (Gallant & Austin 
2012b). Sediments rich in organic matter may also contain high concentrations of 
As with some coal deposits reporting up to 35,000 mg/kg As (Gallant & Austin 
2012b).  
Observed 
Enrichment in the 
Assessment Area 
Arsenic was naturally enriched in some soils overlying Tertiary sediments and 
Silurian siltstone/sandstones.  
The highest As concentrations were reported in soils overlying Tertiary sediments 
of Keysborough (East Greater Melbourne) and Anakie (North Greater Geelong). 
Keysborough and Anakie are in close proximity to igneous intrusions and areas 
of ore deposits (Birch 2003). Arsenic concentrations in individual Fe stones of 
Keysborough were over 1000 mg/kg (Chapter 9). Arsenic enrichment with Fe in 
the Tertiary sediments was attributed to the weathering of mineralised parent 
materials and accumulation of As with Fe-oxides during lateritic weathering 
conditions (Chapter 9).  
Arsenic enrichment in the Silurian siltstone/sandstones was predominantly 
associated with areas of known mineralisation, including gold mining regions (i.e. 
Warrandyte).  
Arsenic enrichment in soils overlying Tertiary-Quaternary basalt occurred in 
areas adjacent to wetlands and lakes, where As enrichment was inferred to be 
associated with inputs from other parent material, accumulation with sulphur in 
wetland environments and alluvial transport of mine wastes (Reeves et al. 2016). 
Enrichment in these areas was not considered associated with the underlying 
basalt parent material.  
Geochemical 
Indicators of 
enrichment for 
soils of the 
Assessment Area 
• Co-accumulation with Fe and or V in areas of or down gradient from 
mineral zones (Chapter 9).  
Environmental 
Indicators of 
Enrichment in the 
Assessment Area 
• Proximity to a geogenic source of As (i.e. igneous intrusions/zones of 
mineralisation, gold bearing deposits). 
• Evidence of lateritic conditions (Fe nodules/concretions, Fe rich layers 
or hardpans)  
• Environments suitable for in situ formation of arsenopyrite (i.e. estuarine 
swamps or wetlands).  
Methods for 
distinguishing 
natural enrichment 
from 
contamination 
Arsenic enrichment in soils overlying Tertiary sediments and Silurian siltstone 
and sandstone was strongly positively correlated with concentrations of V and Fe. 
However, the ratios of As to Fe or V were not consistent between different areas. 
For estimation of ambient background As concentrations, development and 
validation of site-specific regression models is recommended. Where As 
enrichment is directly associated with mineralisation (i.e. gold deposits) mineral 
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analysis (i.e. using X –Ray Diffraction) may support validation of the presence of 
arsenopyrite or other As enrichment minerals. 
Limitations and 
considerations 
• Soils overlying the Tertiary sediments included areas of high Fe and low 
As. Therefore, the presence of high Fe concentrations or Fe nodules does not 
(alone) indicate soils will be high in As.  
• Where a pathway is present, anthropogenic As may also accumulate 
with Fe rich soils/sediments.  
• Co-enrichment of As with V or Fe should not be used as a line of 
evidence of geogenic enrichment, where Fe and V are expected to be co-
contaminants.  
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Table 10-3 Cadmium- Environmental and Geochemical indicators of enrichment for soils 
Geogenic 
Sources 
Cadmium is naturally enriched in coal and other fossil fuels, black shales, volcanic 
ash and ores bearing Zn, Pb and Co (Berkowitz, Dror & Yaron 2008). Soils 
impacted by the accumulation of guano (bird droppings) may also be naturally 
enriched with Cd (Lalor 2008). 
Enrichment in 
the 
Assessment 
Area 
Background Cd concentrations were not naturally enriched above 1 mg/kg (the 
adopted LOR) for soils of the Assessment Area.  
The LOR used for this assessment was not suitable to identify variation in ambient 
background concentrations of Cd, and the LOR was above expected background 
concentrations of Cd (based on the national soil survey results). 
Environmental 
Indicators of 
Enrichment in 
the 
Assessment 
Area 
Data (Chapter 6) was not suitable to identify environmental indicators of 
enrichment.  
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
for soils of the 
Assessment 
Area 
Where Cd concentrations exceed the laboratory reporting limit of 1 mg/kg, soils are 
likely to comprise added contamination (based on soil types assessed during this 
work). If quantification of Cd contamination is required, the national background 
soil data may support assessment of expected background Cd concentrations; 
median Cd concentrations for Australian soils was 0.03 mg/kg (Reimann & de 
Caritat 2017). The expected upper limit of background Cd concentrations (upper 
whisker of a Tuckey box plot) in Australian sub surface soils was 0.5 mg/kg 
(Reimann & de Caritat 2017). 
Limitations 
and 
considerations 
Where Cd is a chemical of interest, Cd analysis should be undertaken using an 
appropriate LOR for identification of Cd contamination (such as 0.01 mg/kg). It is 
recommended that ICP MS is used rather than ICP-AES for Cd analysis. False 
positives may be reported using ICP-AES (Chapter 2).  
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Table 10-4 Chromium- Environmental and geochemical indicators of enrichment for soils 
Potential 
Geogenic 
Sources 
Chromium is naturally enriched in ultramafic rocks and basalt (Reimann & de 
Caritat 1998). Common Cr bearing minerals include chromite (FeCr2O4), 
magnetite and to a lesser extent serpentine and pyroxene (Oze, Bird & Fendorf 
2007).  
Observed 
Enrichment in 
the 
Assessment 
Area 
Soils of the Assessment Area (particularly soils overlying Tertiary-Quaternary 
basalt) were naturally enriched in total Cr (Chapter 6) compared to national soil 
datasets (Reimann & de Caritat 2017). The relative natural enrichment is likely 
associated with the accumulation of immobile Cr minerals in highly and 
intensely weathered soils of Victoria (Garnier et al. 2008).  
Geochemical 
Indicators of 
enrichment for 
soils of the 
Assessment 
Area 
• Enrichment of Fe and or V 
Environmental 
Indicators of 
Enrichment in 
the 
Assessment 
Area 
• Parent material naturally enriched in Cr, such as ultramafic rock or 
basalt.  
• Highly weathered soils, enriched in Fe (i.e. evidence of Fe nodules, Fe 
staining or cementation).  
• Chromium concentrations were typically enriched in B horizon soils 
compared to A horizon soils.  
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
in the 
Assessment 
Area 
Chromium concentrations in soils were strongly positively correlated with Fe, V 
and Al. Approximate Cr concentrations can be estimated using the following 
equations (Chapter 7).  
Model 1: Log[Cr] = -0.6386 - 0.1476 log[Sand %] + 0.2646 log[Fe] 
- 0.1114log[ As] + 0.2193 log[Ni] + 0.6069log[ V]  (mean error ±9.6 mg/kg, 
predicted R2= 0.89)  
Or 
Model 2: Log[Cr]=0.9Log[Fe%] +1.15     (mean error ± 14.6 mg/kg, predicted 
R2= 0.84)  
Elements in mg/kg. 
Model 1 is likely to provide more accurate estimates than Model 2. However, 
where percentage sand, is not assessed Model 2 may be a practicable alternative.   
The error of estimation is likely to increase within increasing Fe, in accordance 
with the formula below. These equations were developed on soils where 
background concentration ranged up to 339 mg/kg. Equations are not suitable, 
without further validation, for estimation of ambient background Cr 
concentrations above 339 mg/kg. 
Limitations 
and 
considerations 
Geochemical models for estimation of Cr provide an indication of the typical 
trends of Cr enrichment in soils (Chapter 7), however the accuracy of these 
methods was poor (i.e. errors may be greater than 50% of measured result). 
Therefore, these models are suggested for qualitative assessment, rather than 
quantitative assessment.  
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On highly weathered soils, such as basalts of Ballarat or in mineral rich areas of 
Australia (Hamon et al. 2004), the ratios of Cr to Fe can be higher than the 
generic models proposed here. In highly weathered environments, site-specific 
linear regression models may provide improved quantification of natural 
enrichment verses contamination.  
This assessment included analysis of total Cr i.e. Cr(VI) plus Cr(III). 
Assessment of ambient background Cr speciation was not undertaken. 
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Table 10-5 Copper- Environmental and geochemical indicators of enrichment for soils 
Geogenic 
sources 
Copper is most commonly present in soil as sulphides including chalcopyrite 
(CuFeS2), bornite (Cu5FeS4), covelite (CuS), chalcocite (Cu2S), carbonates 
(azurite (Cu3(CO3)2(OH)2) and malachite (Cu2CO3(OH)2) and the oxide cuprite 
(Cu2O). Copper may be naturally elevated within soils weathered from igneous 
rocks and soils with high organic matter (Alloway 2012). 
Enrichment in 
the 
Assessment 
Area 
Background concentrations of Cu in the Assessment Area were not naturally 
enriched compared to national soils (Reimann & de Caritat 2017), as discussed in 
Chapter 6.  
Environmental 
Indicators of 
Enrichment in 
the 
Assessment 
Area 
• Co-enrichment with Ni, Mg and Zn. 
• Depletion in highly to extremely weathered soils (likely caused by 
increased soil acidity).  
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
for soils of the 
Assessment 
Area 
Where Ni is not a co-contaminant, Cu concentrations can be estimated based on 
the Ni concentrations. A geochemical equation for the estimation of Cu 
concentrations for soils overlying Silurian siltstone/sandstone, had reasonable 
accuracy and was shown to be able to distinguish potentially contaminated 
samples from background variability, using the model below (as described in 
Chapter 7): 
 
Log[Cu]=0.67log[Ni] +0.22      (mean error of 3.2 mg/kg, R2=0.66) 
Elements in mg/kg. 
 
Where quantification of Cu enrichment is required a complex regression tree 
model (mean error of 2.6 mg/kg), including variables Zn, Ba, V, P, F, pH, Cr, K, 
Co, Mn, Ti, clay, silt, sand, Na, Al, CEC, Mg, OM, Fe, Pb, Ca and Sr can achieve 
improved accuracy of Cu estimates. The equation for this model is presented in 
Appendix B, supplementary material for Chapter 7.  
Limitations 
and 
considerations 
Copper was not typically naturally enriched in the soils of the Assessment Area. 
The rules described may not be suitable for areas/parent materials where Cu is 
naturally enriched above the concentrations observed in this ambient background 
dataset (as presented in Chapter 6).  
Elements that may be co-contaminants should not be included in geochemical 
normalisation models for estimation of ambient background Cu. 
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Table 10-6 Fluoride- Environmental and geochemical indicators of enrichment for soils 
Potential Geogenic 
Sources 
Fluoride is naturally present in fluorite, apatite and amphiboles (hornblende 
and micas) (Hem 1989). Fluoride is commonly enriched in rhyolite-rich 
rocks, black shales, coals and rocks bearing calcium-magnesium carbonate 
(Saxena & Ahmed 2001). Fluoride can be deposited on the soil surface 
from volcanic emissions and sea spray (Gill 1961). Seawater comprises 
approximately 10 times more F than fresh water (average fluoride 
concentration of 1.2-1.4 mg/L compared to 0.1-0.2 mg/L) (Alloway 2012; 
Gallant & Austin 2012a). Sediments formed in marine environments are 
typically higher in F than sediments formed in fresh water systems (Gallant 
& Austin 2012a). Sediments formed near hydrothermal fluids can become 
significantly enriched in F (up to 5.2% F) (Butler 1959; Gallant & Austin 
2012a).  
Observed Enrichment 
in the Assessment Area 
• Fluoride enrichment predominantly occurred in soils overlying the 
Silurian siltstone/sandstone and Tertiary-Quaternary basalt.  
• Fluoride enrichment in the Silurian siltstone/sandstone was 
attributed to the presence of F enriched minerals including illite, biotite, 
muscovite and the marine origin of formation (Chapter8).  
• Fluoride enrichment in the Tertiary-Quaternary basalt, 
predominantly occurred in B horizon soils, and was accompanied by 
enrichment of salts and calcium, indicating likely association with 
hydraulic leaching from overlying soils.  
• Fluoride concentrations were higher in subsurface soils (0.3-0.6m) 
and deeper soils (>0.6m) compared to surface soils (0-10 cm). 
Geochemical 
Indicators of 
enrichment for soils of 
the Assessment Area 
• Co-accumulation with Mg, Ca and Na in sub-surface soils 
overlying basalt, particularly in B horizon soils.  
• Correlation with Ni and K (clays and feldspars) in soil weathered 
from sedimentary deposits. 
Environmental 
Indicators of 
Enrichment in the 
Assessment Area 
• Source of muscovite, illite, biotite 
• Proximity to the sea or a source of historical marine inputs (e.g. 
inputs form sea spray or evaporation of seawater)  
• Accumulation at B horizon due to limited infiltration (co-
accumulation with calcium and sodium).  
• Fluoride enrichment in surface soils compared to sub-surface soils 
may indicate a source of F inputs (i.e. inputs from application of fertilisers 
or other contamination.) 
Methods for 
distinguishing natural 
enrichment from 
contamination 
A multiple regression equation (Chapter 8) was suitable for estimation of F 
concentrations for soils overlying Silurian siltstone/sandstone, with an 
accuracy typically within 25% of the measured concentrations : 
 
F (mg/kg)= 113.4 + 5.22 Clay% - 2.04 V + 1.45 Zn + 0.00211 Fe - 0.54 Ti 
+ 1.6 Ni - 0.057 Na - 4 CEC + 2.3 Cu - 1.1 Sand %     
 
(mean error ±56 mg/kg, R2=0.72, elements in mg/kg except where 
specified) 
 
Model accuracy was greatly reduced when including soils from other parent 
materials and therefore no rule for soils overlying other parent materials has 
been provided.  
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Limitations and 
considerations 
• Soil parameters including CEC and percentage clay, in addition to 
metals, V, Zn, Fe, Ti, Ni and Cu should be included in the analytical scope, 
when geochemical models for estimation of background fluoride is likely to 
be required. 
•  Geogenic and anthropogenic F may accumulate in similar areas of 
the environment (i.e. B horizon soils, where there is limited depth of 
precipitation and presence of calcium for immobilisation).   
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Table 10-7 Lead- Environmental and geochemical indicators of enrichment for soils 
Geogenic 
sources 
• Soils with high OM, particularly black shales, peat bogs and coal deposits 
(Berkowitz, Dror & Yaron 2008). 
• Lead ores, including galena (PbS), cerussite (PbCO3) and anglesite (PbSO4).  
Enrichment in 
the 
Assessment 
Area 
Surface soils of the Assessment Area were enriched with Pb (P = 0.001) compared 
to surface soils across Australia, based on comparison of mean concentrations 
reported by the NGSA (Chapter 6). 
Lead concentrations in surface soils were typically elevated compared to sub-
surface soils. In areas away from point sources of Pb enrichment in surface soil 
was attributed to diffuse contamination and/or biological cycling of nutrients. 
Environmental 
Indicators of 
Enrichment 
Lead concentrations in soil were found to be influenced by multiple factors 
including co-accumulation with Fe in the highly weathered environments (such as 
in Ballarat), areas of low topography and proximity to urban areas. 
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
in the 
Assessment 
Area 
Geochemical models for estimation of Pb were not developed in this study. Where 
quantification of added Pb is required alternative methods, such as isotope 
analysis may provide improved distinction and quantification of geogenic Pb from 
contamination. However, consideration that biological cycling of Pb by plants 
may also be correlated with a decrease in Pb isotope ratios should be made.  
Limitations 
and 
considerations 
• Ambient background concentrations include diffuse contamination. Lead 
has many diffuse sources, including atmospheric deposition from burning of fossil 
fuels and from Pb smelting and mining. Geochemical patterns or correlations are 
better suited for identifying the geogenic or natural concentration of an element 
(Chapter 7) and are not well suited to soils that include varying levels of diffuse 
contamination.   
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Table 10-8 Manganese- Environmental and geochemical indicators of enrichment for soils 
Potential 
Geogenic 
Sources 
Manganese is the 5th most abundant metal in the earth crust and readily substitutes 
for Fe2+ and Mg2+ in minerals. Manganese is an accessory element in garnet, olivine, 
pyroxene, amphibole and calcite. Soils enriched with Mn are often weathered from 
mafic and ultramafic rocks (Vodyanitskii 2009).  
Observed 
Enrichment in 
the 
Assessment 
Area 
Manganese concentrations in soil of the Assessment Area where highly variable, 
with enrichment occurring in the surface compared to the sub-surface in Greater 
Melbourne overlying Tertiary-Quaternary basalt (Chapter 3), Silurian 
siltstone/sandstone and Tertiary sediments (Mikkonen et al. 2018). The source or 
process resulting in Mn enrichment to surface soils was not confirmed, but 
hypothesized to be associated with diffuse inputs from dust or contamination 
(Chapter 4). Conversely in Ballarat Mn was enriched in sub-surface soils compared 
to surface soils, which was hypothesized to be due to acidification of surface soils 
from extreme weathering (Chapter 7).  
Geochemical 
Indicators of 
enrichment for 
soils of the 
Assessment 
Area 
Correlation analysis (presented in Chapter 7) suggest the following: 
• Enrichment of iron (correlation strongest in soils derived from sediments), 
but less so in highly acidic environments. 
• Enrichment with Co, Cu and Nil 
Environmental 
Indicators of 
Enrichment in 
the 
Assessment 
Area 
Soils derived from basalt (lower concentrations with increased weathering) 
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
This research did not include development of geochemical methods for 
distinguishing Mn enrichment from contamination. However the positive correlation 
observed between Ni and Mn (Chapter 7), suggest geochemical regression models 
may be useful for estimation of ambient background Mn in some environments.  
Limitations 
and 
considerations 
• Further research into the cause of observed Mn enrichment in surface soils 
is required. In addition, there is little research of ambient background Mn 
concentrations and quantification of diffuse Mn inputs.  
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Table 10-9 Mercury- Environmental and geochemical indicators of enrichment for soils  
Geogenic 
Sources 
• Enriched in hydrothermal deposits of sulphide or chloride, associated with 
volcanic activity and alkaline hot springs.  
• Volcanic emissions and associated areas of volcanic deposition. (Gavilán-García 
et al. 2008; Hirner & Hippler 2011; Wang et al. 2013) 
• Soils and sediments containing high OM including coal and black shale (Gworek 
et al. 2016) . 
Enrichment in 
the 
Assessment 
Area 
Background Hg concentrations were not naturally enriched above 0.1 mg/kg (the 
adopted LOR) for soils of the Assessment Area.  
The LOR used for this assessment was not suitable to identify variation in ambient 
background concentrations of Hg, and above expected background concentrations of 
Hg (based on the national soil survey results) (Reimann & de Caritat 2017). 
Environmental 
Indicators of 
Enrichment in 
the 
Assessment 
Area 
Data was not suitable to identify environmental indicators of enrichment. 
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
for soils of the 
Assessment 
Area 
Where Hg concentrations exceed the laboratory reporting limit of 0.1 mg/kg, soils 
are likely to comprise added contamination (based on soil types assessed during this 
work). If quantification of Hg contamination is required, the national background 
soil data may support assessment of expected background cadmium concentrations; 
median Hg concentrations for Australian soils were 0.01 mg/kg (Reimann & de 
Caritat 2017). The expected upper limit of background Hg concentrations (upper 
whisker of a box plot) in Australian sub surface soils was 0.29 mg/kg (Reimann & 
de Caritat 2017) , higher than results reported during this assessment (Chapter 6). 
Limitations 
and 
considerations 
Where Hg is a chemical of interest, Hg analysis should be undertaken using an 
appropriate LOR for identification of Hg contamination (i.e. <0.01 mg/kg).  
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Table 10-10 Nickel- Environmental and geochemical indicators of enrichment for soils 
Potential 
Geogenic 
Sources 
Nickel is a key constituent of the Fe-Ni molten core of the earth. Nickel is 
commonly associated with Fe or sulphides, and is present at particularly high 
concentrations within ultramafic rocks followed by mafic rocks (gabbro and basalt) 
(Hem 1989). Nickel is also naturally enriched in serpentine soils (soils formed from 
the weathering of ultramafic rock). Nickel can become enriched in laterites (soils 
enriched in Al, Mg and Fe that have formed from intense weathering in wet, warm, 
tropical environments, including periods of oxidation and reduction). 
Observed 
Enrichment in 
the 
Assessment 
Area 
• Nickel was naturally enriched in soils overlying Tertiary-Quaternary basalt, 
soils overlying the Silurian siltstone/sandstone and rarely (<1%) enriched in soils 
overlying the Tertiary sediments at concentrations greater than the Victorian IWRG 
criteria for clean fill of 60 mg/kg (EPA Victoria 2009).  
• Nickel concentrations in sub-surface soils were statistically elevated (P < 
0.0001) compared to the NGSA subsurface soils (Chapter 6).  
• Enrichment of Ni in soils overlying the Tertiary-Quaternary basalt was 
attributed to the mineralogy of the basalt from which the soils had weathered (i.e. 
associated with mafic minerals including olivine). Nickel concentrations were higher 
in moderately weathered soils compared to the very highly to intensely weathered 
soils.  
• Enrichment of Ni in soils on the Silurian siltstone and sandstone was likely 
associated substitution into ferromagnesian silicate minerals and clays.  
• Nickel enrichment was typically higher in subsoils compared to surface 
soils.  
Geochemical 
Indicators of 
enrichment for 
soils of the 
Assessment 
Area 
• Enrichment of Mg and/or Mg rich minerals (i.e. olivine) 
• Enrichment of Fe (correlation strongest in soils derived from sediments) 
• Enrichment of Al (positive correlation with clay, CEC and pH) 
• Enrichment of Ti (particularly in moderate to low weathered basalt) 
• Enrichment with Co or Cu 
Environmental 
Indicators of 
Enrichment in 
the 
Assessment 
Area 
• Soils derived from basalt 
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
Published geochemical indices for estimation of Ni (Hamon et al. 2004) 
underestimated Ni concentrations for soils overlying Tertiary-Quaternary basalt. A 
simplified regression tree model was provided for improved estimation of 
background Ni, particularly for soils naturally enriched in Ni (Chapter 7). This 
model has been tested on the national soil data set (NGSA), showing significantly 
improved accuracy over other published geochemical models. The regression model 
is as follows: 
Rule 1: if Co <= 16 mg/kg 
Then Ni = -0.7 + 1.3 Co + 0.0027 Mg + 0.0035 Ti + 0.043 Cr - 0.0011 Mn 
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Mean error ±3 mg/kg 
Rule 2: if Co > 16 mg/kg and Mg <= 1730 mg/kg 
Then Ni = -7.2 + 0.0075 Mg + 0.73 Co + 0.141 Cr + 0.0048 Ti - 0.0101 Mn - 3e-005 
Fe 
Mean error ±11.2 mg/kg 
Rule 3: if Co > 16 mg/kg and Mg > 1730 mg/kg 
Then Ni = -10.1 + 1.31 Co + 0.0043 Mg + 0.217 Cr - 0.0139 Mn + 0.0055 Ti 
Mean error ± 17.7 mg/kg 
Element units in mg/kg except where specified otherwise.  
Limitations 
and 
considerations 
• The presented regression tree model uses variables Co, Mg, Mn, Cu, Cr, Ti 
and Fe. These elements should be included in the analytical suite if estimation of 
background Ni is likely required.  
• Variables that are likely co-contaminants with Ni (based on site specific 
information) should not be included in the estimation of background Ni.  
• In soils that are not highly weathered, correlation between Fe and Ni, as 
presented by Hamon et al (2004), may be sufficient to infer expected background of 
Ni.  
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Table 10-11 Vanadium- Environmental and geochemical indicators of enrichment for 
soils  
Potential 
Geogenic 
Sources 
• Vanadium commonly occurs in environments with high sulphides, including 
mineral enrichment halos and swamp deposits (Huang et al. 2015). 
• Vanadium is also naturally enriched in magma and soils weathered from basalt.   
Observed 
Enrichment in 
the Assessment 
Area 
• Vanadium was naturally enriched in surface soils overlying basalt (median 
of 65 mg/kg in greater Melbourne) compared to median V concentrations in surface 
soil from across Australia (median of 32 mg/kg) (Reimann & de Caritat 2017).  
• The maximum V concentrations were reported in soils overlying Tertiary 
sediments of Keysborough (East Greater Melbourne). Vanadium concentrations in 
individual iron stones of Keysborough was up to 1361mg/kg (Chapter 9).   
Geochemical 
Indicators of 
enrichment for 
soils of the 
Assessment 
Area 
• Co-accumulation with Fe. 
Environmental 
Indicators of 
Enrichment in 
the Assessment 
Area 
• Evidence of lateritic conditions (Fe nodules/concretions, Fe rich layers or 
hardpans)  
• Natural enrichment in basalt derived soils 
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
In soils overlying Tertiary sediments V positively correlated with Fe and As 
(Chapter 9).  
 
Limitations and 
considerations 
Soils overlying the Tertiary sediments included areas of high Fe and low V. 
Therefore, the presence of elevated Fe does not indicate V will also be enriched.  
Little research has assessed or quantified diffuse input of V contamination to soils. 
As V use and mineral exploration continues to increase further research into 
ambient background concentrations of V should be undertaken including potential 
conditions that may result in mobilisation of V from soils to the environment.  
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Table 10-12 Zinc- Environmental and geochemical indicators of enrichment for soils 
Geogenic 
sources 
Ore deposits of Zn typically contain Zn-sulphides and to a lesser extent Zn 
carbonates and Zn silicates (Alloway 2012).  
Enrichment in 
the 
Assessment 
Area 
• Background concentrations of Zn in soils of the Assessment Area were 
not naturally enriched compared to Australian soils (Chapter 6).  
• Zinc concentrations in surface soils were typically elevated compared to 
sub-surface soils. In areas away from point sources of Zn contamination, surface 
soil enrichment with Zn was attributed to diffuse contamination, including inputs 
from fertilisers and burning of fossil fuels, and/or biological cycling of nutrients. 
Environmental 
Indicators of 
Enrichment 
Zinc was not naturally enriched within the Assessment Area as such no indicators 
of enrichment were reported.  
Methods for 
distinguishing 
natural 
enrichment 
from 
contamination 
in the 
Assessment 
Area 
As Zn was not naturally enriched no geochemical equation for distinguishing 
natural enrichment of Zn from background has been recommended here.  
Phosphate was positively correlated with Zn (Chapter 7). 
Where quantification of added Zn is required alternative methods, such as isotope 
analysis may provide improved distinction and quantification of geogenic Zn from 
contamination.  
Limitations 
and 
considerations 
• Correlation between Zn and P may be a result of human inputs to the 
environment (i.e. from phosphate fertiliser) and therefore, may require further 
lines of evidence (including understanding of site history) to verify if correlation is 
due to natural or anthropogenic influences.  
• Ambient background concentrations include diffuse contamination. Zinc 
has many diffuse sources, including atmospheric deposition and fertiliser 
application. Geochemical patterns or correlations are better suited for identifying 
the geogenic or natural concentration of an element, and are not well suited to 
soils that include varying levels of diffuse contamination.  
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10.4 Final conclusions 
The current study added to the international body of knowledge on spatial variability of 
potentially toxic elements in soil at a regional and local scale, particularly for As, Mn and F, 
where information on controls of spatial variability of ambient background concentrations in 
literature was limited.  
Little understanding of typical ranges of ambient background concentrations of 
potentially toxic elements were available for Victorian soils, prior to this PhD research. Due to 
the high disturbance of soils during human activities it is often difficult to distinguish ambient 
background concentrations from contamination. A background soil database and interactive 
map was provided to which soil concentrations can be compared. This thesis also provided a 
summary of geochemical correlations and environmental factors/indicators that can assist in 
fingerprinting what ambient background patterns, with historic and current climate being the 
predominant driver of variability. The prediction methods presented here can be used by 
environmental assessors to estimate ambient background concentrations for the assessment of 
risk and waste categorisation of soils. The research outlined in this thesis has fulfilled the 
research aims of the project and contributed to an improved understanding of ambient 
background metal variability, influences and methods for distinguishing natural enrichment 
from contamination. 
Further research is suggested to assess the potential risk of relocation or changed 
environmental conditions on the mobility of geogenic elements, particularly in areas of 
extensive natural enrichment, such as As in soils overlying Tertiary sediments and F in soils 
overlying Silurian siltstone/sandstone, where background concentrations of potentially toxic 
elements exceed criteria for human or ecological health.  
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Appendix A: Data Tables and QAQC Results 
Supporting data for the background soil survey as discussed in Chapter 2  
  
Victorian Background Soil Dataset Table A1: Background soil survey sample locations RMIT University
June 2017
Location Sample ID Location description Owner Sample Date
Historical 
Landuse Current Land use
Distance from 
Buildings (m)
Distance 
from Roads 
(m) Slope
Morph-
ology
Elevation (m 
AHD)
Slope 
facing PM Local Government Area
Soil type (assessed in the 
field) Soil Colour
Depth 
min (m)
Depth max 
(m)
BH001 BH001/230714/0.0-0.1 La Trobe University Private 23/07/2014 Agriculture Parkland >50 >50 GE M 91 SW Sud Darebin Sandy Loam Pale Brown 0 0.1
BH001 BH001/230714/0.3-0.5 La Trobe University Private 23/07/2014 Agriculture Parkland >50 >50 GE M 91 SW Sud Darebin Sandy Loam Pale Brown 0.3 0.5
BH002 BH002/230714/0.0-0.1 La Trobe University Private 23/07/2014 Agriculture Agriculture >50 >50 MO M 92 SW Sud Darebin Silty Clay Brown 0 0.05
BH002 BH002/230714/0.3-0.5 La Trobe University Private 23/07/2014 Agriculture Agriculture >50 >50 MO M 92 SW Sud Darebin Silty clay/heavy clay brown 0.3 0.5
BH003 BH003/230714/0.0-0.1 La Trobe Football Fields Private 23/07/2014 Agriculture Parkland >50 >50 GE U 69 W Qvn Darebin Silty Clay Loam dark brown 0 0.1
BH003 BH003/230714/0.3-0.34 La Trobe Football Fields Private 23/07/2014 Agriculture Parkland >50 >50 GE U 69 W Qvn Darebin Silty Clay Loam dark brown 0.3 0.34
BH004 BH004/300714/0.0-0.1 Darebin Creek Council 30/07/2014 Agriculture Parkland >50 >50 GE M 64 SW Qvn Darebin Sandy Loam Pale Brown 0 0.1
BH004 BH004/300714/0.3-0.45 Darebin Creek Council 30/07/2014 Agriculture Parkland >50 >50 GE M 64 SW Qvn Darebin Silty Clay Loam Brown 0.3 0.45
BH005 BH005/300714/0.0-0.1 C H Sullivan Memorial Park Council 30/07/2014 Agriculture Parkland >50 >50 GE M 65 NE Qvn Darebin Medium Clay Brown 0 0.1
BH005 BH005/300714/0.3-0.6 C H Sullivan Memorial Park Council 30/07/2014 Agriculture Parkland >50 >50 GE M 65 NE Qvn Darebin Light Clay Pale Brown 0.3 0.6
BH006 BH006/300714/0.0-0.1 La Trobe & Forensics Building Private 30/07/2014 Parkland Parkland >50 >50 GE U 105 NW Tpb Darebin Sandy Loam Brown 0 0.1
BH006 BH006/300714/0.3-0.45 La Trobe & Forensics Building Private 30/07/2014 Parkland Parkland >50 >50 GE U 105 NW Tpb Darebin Sandy Clay Loam Orange & Red 0.3 0.45
BH007 BH007/300714/0.0-0.1 Behind Forensics (Terrace Way) Private 30/07/2014 Parkland Parkland >50 >50 GE M 106 SW Tpb Darebin Loamy Sand brown 0 0.1
BH007 BH007/300714/0.35-0.48 Behind Forensics (Terrace Way) Private 30/07/2014 Parkland Parkland >50 >50 GE M 106 SW Tpb Darebin Sand Orange & Red 0.35 0.48
BH008 BH008/300714/0.0-0.1 Biotech Centre, La Trobe Private 30/07/2014 Parkland Parkland >40 >40 LE F 101 W Tpb Darebin Sandy Loam Brown 0 0.1
BH008 BH008/300714/0.45-0.6 Biotech Centre, La Trobe Private 30/07/2014 Parkland Parkland >40 >40 LE F 101 W Tpb Darebin Loamy Sand Pale Brown 0.45 0.6
BH009 BH009/050814/0.0-0.1 RMIT Bundoora Nature Reserve Private 5/08/2014 Agriculture Parkland >50 >50 GE M 110 Tpb Darebin Loamy Sand Brown 0 0.1
BH009 BH009/050814/0.45-0.6 RMIT Bundoora Nature Reserve Private 5/08/2014 Agriculture Parkland >50 >50 GE M 110 Tpb Darebin Sandy Clay Loam brown/orange 0.45 0.6
BH010 BH010/050814/0.0-0.1 RMIT Bundoora Near Pond Private 5/08/2014 Agriculture Parkland >50 >50 LE F 118 SE Sud Whittlesea Silty loam Pale Brown 0 0.1
BH010 BH010/050814/0.3-0.6 RMIT Bundoora Near Pond Private 5/08/2014 Agriculture Parkland >50 >50 LE F 118 SE Sud Whittlesea Sandy Clay Loam brown/orange 0.3 0.6
BH011 BH011/050814/0.0-0.1 RMIT Bundoora East Campus Private 5/08/2014 Agriculture Parkland >20 >50 LE F 122 W Sud Whittlesea Silty loam brown 0 0.1
BH011 BH011/050814/0.3-0.6 RMIT Bundoora East Campus Private 5/08/2014 Agriculture Parkland >20 >50 LE F 122 W Sud Whittlesea Light Clay brown/orange 0.3 0.6
BH012 BH012/031214/0.0-0.1 Yan Yean Resevoir Parks 3/12/2014 Agriculture Parkland >100 >50 ST L 201 E Sud Whittlesea Silty Clay Pale Brown 0 0.1
BH012 BH012/031214/0.45-0.6 Yan Yean Resevoir Parks 3/12/2014 Agriculture Parkland >100 >50 ST L 201 E Sud Whittlesea Light Clay Pale Orange 3 0.6
BH013 BH013/031214/0.0-0.1 Yan Yean Resevoir Parks 3/12/2014 Agriculture Parkland >50 >50 ST U 209 E Sud Whittlesea Silty Clay Pale Brown 0 0.1
BH013 BH013/031214/0.4-0.55 Yan Yean Resevoir Parks 3/12/2014 Agriculture Parkland >50 >50 ST U 209 E Sud Whittlesea Light Clay Pale Orange 0.4 0.55
BH014 BH014/041214/0.0-0.1 Plenty Gorge Parks 4/12/2014 Agriculture Parkland >25 >25 LE F 167 E Qvn Whittlesea Silty Clay Loam Brown 0 0.1
BH014 BH014/041214/0.45-0.6 Plenty Gorge Parks 4/12/2014 Agriculture Parkland >25 >25 LE F 167 E Qvn Whittlesea Medium Clay Brown 0.45 0.6
BH015 BH015/041214/0.0-0.1 Plenty Gorge Parks 4/12/2014 Agriculture Parkland >20 >20 GE U 154 W Qvn Whittlesea Sandy Loam Brown 0 0.1
BH015 BH015/041214/0.35-0.6 Plenty Gorge Parks 4/12/2014 Agriculture Parkland >20 >20 GE U 154 W Qvn Whittlesea Sandy Clay Loam Dark Brown 0.35 0.6
BH016 BH016/041214/0.0-0.1 Plenty Gorge Wilton Vale Rd Parks 4/12/2014 Agriculture Parkland >100 >100 LE F 153 SE Qvn Whittlesea Silty Clay Loam Dark brown 0 0.1
BH016 BH016/041214/0.3-0.35 Plenty Gorge Wilton Vale Rd Parks 4/12/2014 Agriculture Parkland >100 >100 LE F 153 SE Qvn Whittlesea Medium Clay Dark Brown 0.3 0.45
BH017 BH017/051214/0.0-0.1 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 ST U 115 E Qvn Brimbank Sandy Clay Loam Dark Rich Brown 0 0.1
BH017 BH017/051214/0.35-0.45 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 ST U 115 E Qvn Brimbank Sandy Clay Loam Dark Brown 0.35 0.45
BH018 BH018/051214/0.0-0.1 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 VS U 112 N Qvn Brimbank Silty Clay Loam Red Brown 0 0.1
BH018 BH018/051214/0.1-0.35 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 VS U 112 N Qvn Brimbank Medium Clay Brown Orange 0.1 0.35
BH019 BH019/051214/0.0-0.04 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 ST L 85 N Qvn Brimbank Silty Clay Loam Dark Brown 0 0.04
BH019 BH019/051214/0.04-0.3 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 ST L 85 N Qvn Brimbank Silty Clay Loam Dark Brown 0.3 0.5
BH020 BH020/051214/0.0-0.1 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 VS U 95 E Qvn Brimbank Silty Clay Loam Dark Brown 0 0.1
BH020 BH020/051214/0.4-0.6 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 VS U 95 E Qvn Brimbank Light Clay Dark Brown 0.4 0.6
BH021 BH021/051214/0.0-0.1 Organ Pipes National Park Parks 5/12/2014 Agriculture Parkland >50 >50 MO U 126 S Qvn Hume Silty Clay Loam Very Dark Brown 0 0.1
BH021 BH021/051214/0.55-0.65 Organ Pipes National Park Parks 5/12/2014 Agriculture Parkland >50 >50 MO U 126 S Qvn Hume Light Clay Pale Grey 0.55 0.65
BH022 BH022/051214/0.0-0.05 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 ST U 94 SE Qvn Brimbank Sandy Clay Loam 10Yr 5/3 0 0.05
BH022 BH022/051214/0.05-0.1 Organ Pipes National Park Parks 5/12/2014 Parkland Parkland >50 >50 ST U 94 SE Qvn Brimbank Silty Clay Loam 7.5 YR 5/6 0.05 0.1
BH023 BH023/081214/0.0-0.1 Pound Bend park Parks 8/12/2014 Mining Parkland >50 >50 ST U 94 S Sla Manningham Silty Loam 10Yr 6/3 0 0.1
BH023 BH023/081214/0.4-0.55 Pound Bend park Parks 8/12/2014 Mining Parkland >50 >50 ST U 94 S Sla Manningham Silty Loam 10YR 6/4 0.4 0.55
BH024 BH024/081214/0.0-0.1 Jumping Creek reserve Parks 8/12/2014 Parkland Parkland >50 >50 MO M 106 SE Sla Nillumbik Silty Loam 10Yr 3/3 0 0.1
BH024 BH024/081214/0.3-0.5 Jumping Creek reserve Parks 8/12/2014 Parkland Parkland >50 >50 MO M 106 SE Sla Nillumbik Silty Clay 10Yr 6/6 0.3 0.5
BH025 BH025/081214/0.0-0.05 100 Steps Parks 8/12/2014 Parkland Parkland >25 >25 ST M 63 SE Sla Manningham silty Loam 10Yr 5/3 0 0.05
BH025 BH025/081214/0.35-0.6 100 Steps Parks 8/12/2014 Parkland Parkland >25 >25 ST M 63 SE Sla Manningham silty clay 10Yr 6/3 0.35 0.6
BH026 BH026/081214/0.0-0.05 Hopkins Parks 8/12/2014 Agriculture Parkland >100 >100 ST M 66 S Sud Nillumbik silty Loam 10Yr 6/3 0 0.05
BH026 BH026/081214/0.3-0.4 Hopkins Parks 8/12/2014 Agriculture Parkland >100 >100 ST M 66 S Sud Nillumbik silty loam 10Yr 6/3 0.3 0.4
BH027 BH027/081214/0.0-0.1 Henley Rd Bushland Parks 8/12/2014 Agriculture Parkland >50 >50 LE F 70 S Sud Nillumbik Silty Loam 10Yr 6/3 0 0.15
BH027 BH027/081214/0.25-0.55 Henley Rd Bushland Parks 8/12/2014 Agriculture Parkland >50 >50 LE F 70 S Sla Nillumbik Medium Clay 10Yr 6/4 0.25 0.55
BH028 BH028/091214/0.0-0.1 Jumping Creek Parks 9/12/2014 Parkland Parkland >50 >50 GE M 54 W Sla Manningham Silty Loam 10Yr 6/3 0 0.1
BH028 BH028/091214/0.35-0.55 Jumping Creek Parks 9/12/2014 Parkland Parkland >50 >50 GE M 54 W Sla Manningham Medium Clay 7.5Yr 6/6 0.35 0.55
BH029 BH029/091214/0.0-0.1 East of Jumping Creek Parks 9/12/2014 Agriculture Parkland >50 >50 GE M 79 E Sla Manningham Silty Clay 10Yr 6/3 0 0.1
BH029 BH029/091214/0.3-0.5 East of Jumping Creek Parks 9/12/2014 Agriculture Parkland >50 >50 GE M 79 E Sla Manningham Medium Clay 10Yr 6/3 0.3 0.5
BH030 BH030/091214/0.0-0.1 Clifford Scout Park Parks 9/12/2014 Parkland Parkland >50 >50 VS M 121 W Sud Manningham Silty Loam 10Yr 3/3 0 0.1
BH030 BH030/091214/0.3-0.4 Clifford Scout Park Parks 9/12/2014 Parkland Parkland >50 >50 VS M 121 W Sud Manningham Light Clay 10Yr 6/3 0.3 0.4
BH031 BH031/091214/0.0-0.1 Mt Lofty Parks 9/12/2014 Agriculture Parkland >50 >50 VS L 103 N Sud Manningham Silty Loam 10Yr 3/3 0 0.1
BH031 BH031/091214/0.4-0.5 Mt Lofty Parks 9/12/2014 Agriculture Parkland >50 >50 VS L 103 N Sud Manningham Light Clay 7.5Yr 5/6 0.4 0.5
BH032 BH032/091214/0.0-0.1 My Lofty Parks 9/12/2014 Agriculture Parkland >50 >50 ST U 114 N Sud Manningham Silty Loam 10Yr 5/3 0 0.1
BH032 BH032/091214/0.3-0.4 My Lofty Parks 9/12/2014 Agriculture Parkland >50 >50 ST U 114 N Sud Manningham Light Clay 10Yr 5/6 0.3 0.4
BH033 BH033/091214/0.0-0.1 Mt Lofty Parks 9/12/2014 Agriculture Parkland >100 >25 GE L 70 N Sud Manningham Silty Clay 10Yr 5/3 0 0.1
BH033 BH033/091214/0.3-0.4 Mt Lofty Parks 9/12/2014 Agriculture Parkland >100 >25 GE L 70 N Sud Manningham Light Clay 10Yr 6/2 0.1 0.4
BH034 BH034/101214/0.0-0.05 School Rd Parks 10/12/2014 Agriculture Parkland >100 >25 GE L 71 NE Sud Nillumbik Silty Loam 10Yr 5/3 0 0.05
BH034 BH034/101214/0.45-0.6 School Rd Parks 10/12/2014 Agriculture Parkland >100 >25 GE L 71 NE Sud Nillumbik Medium Clay 7.5Yr 5/6 0.45 0.6
BH035 BH035/101214/0.0-0.1 Sudden Rd Parks 10/12/2014 Parkland Parkland >50 >50 MO M 215 NW Sla Nillumbik Silty Clay 10Yr 6/3 0 0.1
BH035 BH035/101214/0.35-0.5 Sudden Rd Parks 10/12/2014 Parkland Parkland >50 >50 MO M 215 NW Sla Nillumbik Medium clay 7.5 Yr 5/6 0.35 0.5
BH036 BH036/101214/0.0-0.1 St Andrews St Parks 10/12/2014 Parkland Parkland >50 >50 ST M 182 NE Sla Nillumbik Silty Clay 10Yr 3/3 0 0.1
BH036 BH036/101214/0.35-0.45 St Andrews St Parks 10/12/2014 Parkland Parkland >50 >50 ST M 182 NE Sla Nillumbik Light Clay 10Yr 6/6 0.35 0.45
BH037 BH037/101214/0.0-0.1 St Andrews Parks 10/12/2014 Mining Parkland >50 >50 ST M 146 W Sla Nillumbik Silty Loam 10Yr 5/3 0 0.1
BH037 BH037/101214/0.3-0.4 St Andrews Parks 10/12/2014 Mining Parkland >50 >50 ST M 146 W Sla Nillumbik Light Clay 10Yr 6/4 0.3 0.4
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BH038 BH038/101214/0.0-0.1 Flora Crescent Parks 10/12/2014 Mining Parkland >50 >50 ST M 172 NW Sla Nillumbik Silty Loam 10Yr 5/3 0 0.1
BH038 BH038/101214/0.35-0.4 Flora Crescent Parks 10/12/2014 Mining Parkland >50 >50 ST M 172 NW Sla Nillumbik Moderate Clay 10Yr 5/6 0.35 0.4
BH039 BH039/101214/0.0-0.05 St Andrews Parks 10/12/2014 Mining Parkland >50 >25 MO L 162 W Sla Nillumbik Silty Loam 10Yr 3/3 0 0.05
BH039 BH039/101214/0.3-0.4 St Andrews Parks 10/12/2014 Mining Parkland >50 >25 MO L 162 W Sla Nillumbik Light Clay 10Yr 6/2 0.3 0.4
BH040 BH040/111214/0.0-0.1 Smiths Gully Parks 11/12/2014 Mining Parkland >50 >50 ST M 148 S Sla Nillumbik Clay Loam Sandy 10Yr 3/3 0 0.1
BH040 BH040/111214/0.3-0.4 Smiths Gully Parks 11/12/2014 Mining Parkland >50 >50 ST M 148 S Sla Nillumbik Silty Loam 10Yr 3/3 0.3 0.4
BH041 BH041/111214/0.0-0.1 Smiths Guly Parks 11/12/2014 Mining Parkland >50 >50 GE M 158 S Sla Nillumbik Clay Loam Sandy 10Yr 3/3 0 0.1
BH041 BH041/111214/0.3-0.4 Smiths Guly Parks 11/12/2014 Mining Parkland >50 >50 GE M 158 S Sla Nillumbik Sandy Clay Loam 10Yr 6/2 0.3 0.4
BH042 BH042/111214/0.0-0.1 Smiths Gully Parks 11/12/2014 Mining Parkland >50 20 ST L 187 NW Sud Nillumbik Silty Loam 10Yr 3/3 0 0.1
BH042 BH042/111214/0.3-0.6 Smiths Gully Parks 11/12/2014 Mining Parkland >50 20 ST L 187 NW Sud Nillumbik Light Clay 10Yr 6/3 0.3 0.6
BH043 BH043/111214/0.0-0.1 Merrits Road Parks 11/12/2014 Mining Parkland >50 >50 MO M 180 E Sla Nillumbik Sandly Clay Loam 10Yr 3/3 0 0.1
BH043 BH043/111214/0.3-0.45 Merrits Road Parks 11/12/2014 Mining Parkland >50 >50 MO M 180 E Sla Nillumbik Light Clay 10Yr 6/6 0.3 0.45
BH044 BH044/111214/0.0-0.1 Cowell Lane Parks 11/12/2014 Agriculture Parkland >50 >50 MO U 140 NW Sud Nillumbik Sandy Clay Loam 10Yr 3/3 0 0.1
BH044 BH044/111214/0.38-0.6 Cowell Lane Parks 11/12/2014 Agriculture Parkland >50 >50 MO U 140 NW Sud Nillumbik Medium Clay 10Yr 6/6 0.38 0.6
BH045 BH045/121214/0.0-0.05 Warrendyt Kinglake Conservation Area Parks 12/12/2014 Agriculture Parkland >50 >50 MO U 204 E Sud Nillumbik Silty Clay Loam 10Yr 3/3 0 0.05
BH045 BH045/121214/0.45-0.53 Warrendyt Kinglake Conservation Area Parks 12/12/2014 Agriculture Parkland >50 >50 MO U 204 E Sud Nillumbik Medium Clay 10Yr 5/3 0.45 0.53
BH046 BH046/121214/0.0-0.1 Warrendyt Kinglake Conservation Area Parks 12/12/2014 Agriculture Parkland >50 >50 ST M 155 NW Sud Nillumbik Silty Loam 10Yr 3/3 0 0.1
BH046 BH046/121214/0.3-0.4 Warrendyt Kinglake Conservation Area Parks 12/12/2014 Agriculture Parkland >50 >50 ST M 155 NW Sud Nillumbik Light Clay 10Yr 6/3 0.3 0.4
BH047 BH047/121214/0.0-0.1 Sugar Loaf Res Parks 12/12/2014 Agriculture Parkland >50 >50 MO M 192 N Sud Nillumbik Silty Clay Loam 10Yr 3/3 0 0.1
BH047 BH047/121214/0.3-0.45 Sugar Loaf Res Parks 12/12/2014 Agriculture Parkland >50 >50 MO M 192 N Sud Nillumbik sandy clay loam 10Yr 5/3 0.3 0.45
BH048 BH048/121214/0.0-0.1 Oshaes Rd Warrendyte- Kinglake Parks 12/12/2014 Agriculture Parkland >50 >50 ST M 242 E Sud Nillumbik Silty Clay Loam 10Yr 3/3 0 0.1
BH048 BH048/121214/0.3-0.5 Oshaes Rd Warrendyte- Kinglake Parks 12/12/2014 Agriculture Parkland >50 >50 ST M 242 E Sud Nillumbik Medium Clay 10Yr 6/6 0.3 0.5
BH049 BH049/121214/0.0-0.1 Tuan Track- Warrendyte-Kinglake Parks 12/12/2014 Parkland Parkland >100 >25 VS M 240 W Sud Nillumbik Silty Clay Loam 10Yr 3/3 0 0.1
BH049 BH049/121214/0.3-0.6 Tuan Track- Warrendyte Kinglake Parks 12/12/2014 Parkland Parkland >100 >25 VS M 240 W Sud Nillumbik Medium Clay 10Yr 6/6 0.3 0.6
BH050 BH050/121214/0.0-0.1 Tuan Track- Warrendyte-Kinglake Parks 12/12/2014 Parkland Parkland >50 >25 MO U 320 N Sud Nillumbik Light Clay 10Yr 5/3 0 0.1
BH050 BH050/121214/0.3-0.6 Tuan Track- Warrendyte-Kinglake Parks 12/12/2014 Parkland Parkland >50 >25 MO U 320 N Sud Nillumbik Medium Clay 10Yr 6/6 0.3 0.6
BH051 BH051/151214/0.0-0.1 The Common Warrendyte Parks 15/12/2014 Mining Parkland >50 >50 GE L 98 S Sla Manningham Silty Clay Loam 10Yr 3/3 0 0.1
BH051 BH051/151214/0.3-0.5 The Common Warrendyte Parks 15/12/2014 Mining Parkland >50 >50 GE L 98 S Sla Manningham Medium Clay 10Yr 6/6 0.3 0.5
BH052 BH052/151214/0.0-0.1 Timber Reserve Warrendyt Parks 15/12/2014 Mining Parkland >50 >50 MO M 111 W Sla Manningham Silty Clay 10Yr 3/3 0 0.1
BH052 BH052/151214/0.3-0.55 Timber Reserve Warrendyt Parks 15/12/2014 Mining Parkland >50 >50 MO M 111 W Sla Manningham Medium Clay 10Yr 6/6 0.3 0.55
BH053 BH053/151214/0.0-0.1 Whipstick Gully Parks 15/12/2014 Mining Parkland >50 >50 GE U 108 S Sla Manningham Silty Clay 10Yr 5/3 0 0.1
BH053 BH053/151214/0.3-0.5 Whipstick Gully Parks 15/12/2014 Mining Parkland >50 >50 GE U 108 S Sla Manningham Medium Clay 10Yr 6/6 0.3 0.5
BH054 BH054/151214/0.0-0.1 Pound Rd Parks 15/12/2014 Parkland Parkland >50 >50 ST M 83 W Sla Manningham Silty Loam 10Yr 5/3 0.02 0.1
BH054 BH054/151214/0.3-0.55 Pound Rd Parks 15/12/2014 Parkland Parkland >50 >50 ST M 83 W Sla Manningham Medium Clay 10Yr 6/6 0.3 0.55
BH055 BH055/151214/0.0-0.1 Warrendyt Templestoe Park Parks 15/12/2014 Agriculture Parkland >50 >50 MO M 42 N Sla Manningham Silty Clay 10Yr 3/3 0 0.1
BH055 BH055/151214/0.3-0.55 Warrendyt Templestoe Park Parks 15/12/2014 Agriculture Parkland >50 >50 MO M 42 N Sla Manningham Medium Clay 10Yr 6/6 0.3 0.55
BH056 BH056/151214/0.0-0.1 Target Rd Parks 15/12/2014 Parkland Parkland >50 >50 MO M 62 N Sla Manningham Silty Clay Loam 10Yr 3/3 0 0.1
BH056 BH056/151214/0.33-0.6 Target Rd Parks 15/12/2014 Parkland Parkland >50 >50 MO M 62 N Sla Manningham Medium Clay 7.5Yr 5/6 0.33 0.6
BH057 BH057/151214/0.0-0.1 Cliveden St Parks 15/12/2014 Agriculture Parkland >50 >50 MO U 47 E Sud Manningham Silty Loam 10Yr 3/3 0 0.1
BH057 BH057/151214/0.3-0.6 Cliveden St Parks 15/12/2014 Agriculture Parkland >50 >50 MO U 47 E Sud Manningham Silty Clay Loam 10Yr 6/6 0.3 0.6
BH058 BH058/171214/0.0-0.1 Kooma Park Dandenong Parks 17/12/2014 Agriculture Parkland >50 >100 LE F 81 W Sud Manningham Silty Loam 10Yr 3/2 0 0.1
BH058 BH058/171214/0.3-0.6 Kooma Park Dandenong Parks 17/12/2014 Agriculture Parkland >50 >100 LE F 81 W Sud Manningham Light Clay 10Yr 5/3 0.3 0.6
BH059 BH059/171214/0.0-0.1 Kooma Park Dandenong Parks 17/12/2014 Agriculture Parkland >50 >50 LE F 78 W Sla Knox Silty Clay 10yr 4/2 0 0.1
BH059 BH059/171214/0.3-0.6 Kooma Park Dandenong Parks 17/12/2014 Agriculture Parkland >50 >50 LE F 78 W Sla Knox Medium clay 10yr 4/4 0.3 0.6
BH060 BH060/171214/0.0-0.05 Boronia Rd Parks 17/12/2014 Parkland Parkland >200 >200 GE U 71 E Sla Whitehorse Silty Clay 10Yr 4/2 0 0.15
BH060 BH060/171214/0.35-0.6 Boronia Rd Parks 17/12/2014 Parkland Parkland >200 >200 GE U 71 E Sla Whitehorse Medium Clay 10Yr 5/4 0.35 0.6
BH061 BH061/171214/0.0-0.1 Norton Park Parks 17/12/2014 Agriculture Parkland >50 >50 GE M 83 W Sud Knox Silty Loam 10YR 4/2 0 0.1
BH061 BH061/171214/0.3-0.6 Norton Park Parks 17/12/2014 Agriculture Parkland >50 >50 GE M 83 W Sud Knox heavy Clay 7.5Yr 5/6 0.3 0.6
BH062 BH062/171214/0.0-0.1 Jell's Park Parks 17/12/2014 Agriculture Parkland >50 >50 LE F 73 E Sud Monash Silty Loam 7.5Yr 4/2 0 0.1
BH062 BH062/171214/0.4-0.6 Jell's Park Parks 17/12/2014 Agriculture Parkland >50 >50 LE F 73 E Sud Monash Medium Clay 10Yr 5/4 0.4 0.6
BH063 BH063/171214/0.0-0.1 Jell's Park Parks 17/12/2014 Parkland Parkland >50 >50 GE M 84 E Sud Monash Silty Clay Loam 7.5Yr 4/2 0 0.1
BH063 BH063/171214/0.3-0.6 Jell's Park Parks 17/12/2014 Parkland Parkland >50 >50 GE M 84 E Sud Monash Heavy Clay 10YR 4/6 0.3 0.6
BH064 BH064/171214/0.0-0.1 Knights Dr Dandenong Valley Parks 17/12/2014 Agriculture Parkland >25 >50 LE F 65 E Sla Monash Silty Clay Loam 7.5Yr 4/3 0 0.1
BH064 BH064/171214/0.4-0.6 Knights Dr Dandenong Valley Parks 17/12/2014 Agriculture Parkland >25 >50 LE F 65 E Sla Monash Medium Clay 7.5Yr 4/4 0.4 0.6
BH065 BH065/171214/0.0-0.1 Knights Dr Dandenong Valley Parks 17/12/2014 Horticulture Agriculture >50 >50 GE M 86 W Sud Knox Silty Clay Loam 7.5Yr 4/4 0 0.1
BH065 BH065/171214/0.32-0.6 Knights Dr Dandenong Valley Parks 17/12/2014 Horticulture Agriculture >50 >50 GE M 86 W Sud Knox Heavy Clay 10Yr 4/4 0.32 0.6
BH066 BH066/181214/0.0-0.1 Wattle Park Parks 18/12/2014 Parkland Parkland >50 >50 MO M 86 W Sla Whitehorse Silty Loam 7.5Yr 3/4 0 0.1
BH066 BH066/181214/0.4-0.6 Wattle Park Parks 18/12/2014 Parkland Parkland >50 >50 MO M 86 W Sla Whitehorse Medium Clay 10Yr 4/6 0.4 0.6
BH067 BH067/181214/0.0-0.1 Wattle Park Parks 18/12/2014 Parkland Parkland >50 >50 GE M 87 E Tpb Whitehorse Loamy Sand 10Yr 4/1 0 0.1
BH067 BH067/181214/0.4-0.6 Wattle Park Parks 18/12/2014 Parkland Parkland >50 >50 GE M 87 E Tpb Whitehorse Loamy Sand 10Yr 5/1 0.4 0.6
BH068 BH068/181214/0.0-0.1 Newmans Rd Parks 18/12/2014 Agriculture Agriculture >50 >50 GE L 49 N Sud Manningham Silty Clay Loam 7.5Yr 3/2 0 0.1
BH068 BH068/181214/0.33-0.6 Newmans Rd Parks 18/12/2014 Agriculture Agriculture >50 >50 GE L 49 N Sud Manningham Medium Clay 10Yr 4/4 0.33 0.6
BH069 BH069/181214/0.0-0.1 Yarra Trail Parklands Templestowe Parks 18/12/2014 Parkland Parkland >50 >50 MO M 54 N Sud Manningham Loamy 7.5Yr 2.5/2 0 0.1
BH069 BH069/181214/0.4-0.6 Yarra Trail Parklands Templestowe Parks 18/12/2014 Parkland Parkland >50 >50 MO M 54 N Sud Manningham Medium Clay 10Yr 4/3 0.4 0.6
BH070 BH070/181214/0.0-0.1 Fitzsimmon's Rd Parks 18/12/2014 Parkland Parkland >50 >50 MO M 44 W Sud Manningham Sandy Loam 7.5Yr 3/2 0 0.1
BH070 BH070/181214/0.35-0.6 Fitzsimmon's Rd Parks 18/12/2014 Parkland Parkland >50 >50 MO M 44 W Sud Manningham Sandy Loam 7.5Yr 4/1 0.35 0.6
BH071 BH071/181214/0.0-0.1 Raynold's Rd Parks 18/12/2014 Parkland Parkland >50 >50 GE M 48 S Sud Nillumbik Clay Loam 7.5Yr 3/2 0 0.1
BH071 BH071/181214/0.3-0.6 Raynold's Rd Parks 18/12/2014 Parkland Parkland >50 >50 GE M 48 S Sud Nillumbik Light Clay 10Yr 5/4 0.3 0.6
BH072 BH072/181214/0.0-0.05 Eltham, Laughing Waters Rd Parks 18/12/2014 Mining Parkland >50 >50 ST M 79 S Sla Nillumbik Silty Clay 7.5YR 3/2 0 0.1
BH072 BH072/181214/0.25-0.3 Eltham, Laughing Waters Rd Parks 18/12/2014 Mining Parkland >50 >50 ST M 79 S Sla Nillumbik Silty Clay 10Yr 5/3 0.25 0.3
BH073 BH073/191214/0.02-0.1 Golf course, Braeside Private 19/12/2014 Agriculture Parkland ~20 ~50 LE F 39 W-E Tpb Kingston Sand 10Yr 2/1 0.02 0.1
BH073 BH073/191214/0.3-0.6 Golf course, Braeside Private 19/12/2014 Agriculture Parkland ~20 ~50 LE F 39 W-E Tpb Kingston Loamy Sand 10Yr 2/1 0.3 0.6
BH074 BH074/191214/0.02-0.1 Golf course, Braeside Private 19/12/2014 Agriculture Parkland >25 >50 LE F 34 Tpb Kingston Sandy Loam 10Yr 2/2 0.02 0.1
BH074 BH074/191214/0.3-0.6 Golf course, Braeside Private 19/12/2014 Agriculture Parkland >25 >50 LE F 34 Tpb Kingston Sandy Loam 10Yr 2/2 0.3 0.6
BH075 BH075/191214/0.0-0.1 Braeside Park Parks 19/12/2014 Water treatment Agriculture >50 >50 LE F 15 Tpb Kingston Sandy Loam 10Yr 2/2 0 0.1
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BH075 BH075/191214/0.35-0.6 Braeside Park Parks 19/12/2014 Water treatment Agriculture >50 >50 LE F 15 Tpb Kingston Sandy Loam 10Yr 2/1 0.35 0.6
BH076 BH076/191214/0.0-0.1 Braeside Park Parks 19/12/2014 Water treatment Agriculture >50 >50 LE F 13 Tpb Kingston Sandy Loam 7.5Yr 3/2 0 0.1
BH076 BH076/191214/0.45-0.6 Braeside Park Parks 19/12/2014 Water treatment Agriculture >50 >50 LE F 13 Tpb Kingston Sand 7.5Yr 4/2 0.45 0.6
BH077 BH077/191214/0.0-0.1 Braeside Park Parks 19/12/2014 Water treatment Agriculture >50 >50 LE F 21 E-W Tpb Kingston Sand 10Yr 4/1 0 0.1
BH077 BH077/191214/0.45-0.6 Braeside Park Parks 19/12/2014 Water treatment Agriculture >50 >50 LE F 21 E-W Tpb Kingston Sand 10YR 4/2 0.45 0.6
BH078 BH078/191214/0.0-0.1 Braeside Park Parks 19/12/2014 Water treatment Agriculture >50 >50 GE M 25 W Tpb Kingston Sand 10Yr 2/1 0 0.1
BH078 BH078/191214/0.3-0.6 Braeside Park Parks 19/12/2014 Water treatment Agriculture >50 >50 GE M 25 W Tpb Kingston Sand 10Yr 2/1 0.3 0.6
BH079 BH079/221214/0.0-0.1 Roeback St Parks 22/12/2014 Agriculture Parkland 100 >50 GE U 154 NE Qvn Whittlesea Light Clay 10YR 2/2 0 0.1
BH079 BH079/221214/0.3-0.6 Roeback St Parks 22/12/2014 Agriculture Parkland 100 >50 GE U 154 NE Qvn Whittlesea Medium Clay 10YR 4/1 0.3 0.6
BH080 BH080/221214/0.0-0.1 Roeback St Mernda Parks 22/12/2014 Agriculture Parkland >100 >100 GE L 156 E Qvn Whittlesea Sandy Loam 10YR 3/1 0 0.1
BH080 BH080/221214/0.3-0.6 Roeback St Parks 22/12/2014 Agriculture Parkland >100 >100 GE L 156 E Qvn Whittlesea Sand 10Yr 4/2 0.3 0.6
BH081 BH081/221214/0.0-0.1 Mernda Parks 22/12/2014 Agriculture Parkland >100 >100 LE F 163 E Qvn Whittlesea Light Clay 7Yr 4/2 0 0.1
BH081 BH081/221214/0.32-0.6 Mernda Parks 22/12/2014 Agriculture Parkland >100 >100 LE F 163 E Qvn Whittlesea Medium Clay 10Yr 5/2 0.32 0.6
BH082 BH082/221214/0.0-0.1 Mernda Parks 22/12/2014 Agriculture Parkland >50 >50 GE U 155 E Qvn Whittlesea Clay Loam 10Yr 2/1 0 0.1
BH082 BH082/221214/0.3-0.6 Mernda Parks 22/12/2014 Agriculture Parkland >50 >50 GE U 155 E Qvn Whittlesea Medium Clay 10Yr 3/1 0.3 0.6
BH083 BH083/221214/0.0-0.1 Mernda Parks 22/12/2014 Parkland Parkland >50 >50 LE F 117 Sud Whittlesea Silty Loam 10Yr 4/2 0 0.1
BH083 BH083/221214/0.3-0.6 Mernda Parks 22/12/2014 Parkland Parkland >50 >50 LE F 117 Sud Whittlesea Silty Loam 10Yr 5/2 0.3 0.6
BH084 BH084/221214/0.0-0.1 Mernda Parks 22/12/2014 Agriculture Parkland >50 >50 Le F 151 NE Sud Whittlesea Medium Clay 10Yr 3/2 0 0.1
BH084 BH084/221214/0.3-0.6 Mernda Parks 22/12/2014 Agriculture Parkland >50 >50 Le F 151 NE Sud Whittlesea heavy Clay 10Yr 3/1 0.3 0.6
BH085 BH085/221214/0.0-0.1 VanBrook Drive Parks 22/12/2014 Parkland Parkland >100 >100 LE F 121 E Sud Whittlesea Silty Clay Loam 10YR 3/2 0 0.1
BH085 BH085/221214/0.28-0.6 VanBrook Drive Parks 22/12/2014 Parkland Parkland >100 >100 LE F 121 E Sud Whittlesea Medium Clay 10Yr 4/6 0.3 0.6
BH086 BH086/221214/0.0-0.1 Fitzjohns Parks 22/12/2014 Agriculture Parkland >50 >50 VS L 99 W Sud Whittlesea Sandy Loam 10YR 4/2 0 0.1
BH086 BH086/221214/0.4-0.5 Fitzjohns Parks 22/12/2014 Agriculture Parkland >50 >50 VS L 99 W Sud Whittlesea Sandy Clay 10YR 5/4 0.4 0.5
BH087 BH087/231214/0.0-0.1 Bundoora, Plenty Gorge Parks 23/12/2014 Agriculture Parkland >100 ~40 from foot MO M 59 W Sla Whittlesea Silty Loam 10Yr 3/2 0 0.1
BH087 BH087/231214/0.4-0.6 Bundoora, Plenty Gorge Parks 23/12/2014 Agriculture Parkland >100 ~40 from foot MO M 59 W Sla Whittlesea Medium Clay 10Yr 4/4 0.4 0.6
BH088 BH088/231214/0.0-0.1 Hanover Rd, Plenty Gorge Parks 23/12/2014 Agriculture Parkland >150 >150 LE F 82 W-E Sla Whittlesea Silty Loam 10Yr 3/2 0 0.1
BH088 BH088/231214/0.4-0.54 Hanover Rd, Plenty Gorge Parks 23/12/2014 Agriculture Parkland >150 >150 LE F 82 W-E Sla Whittlesea Medium Clay 10Yr 4/4 0.4 0.54
BH089 BH089/231214/0.0-0.1 Plenty Gorge Parks 23/12/2014 Mining Parkland >50 >50 MO U 86 N Sla Whittlesea silty loam 10YR 3/2 0 0.1
BH089 BH089/231214/0.3-0.6 Plenty Gorge Parks 23/12/2014 Mining Parkland >50 >50 MO U 86 N Sla Whittlesea medium clay 10YR 4/4 0.3 0.6
BH090 BH090/231214/0.0-0.1 Plenty Gorge Parks 23/12/2014 Agriculture Agriculture >100 >100 MO U 120 N Sud Nillumbik silty loam 10YR 2/2 0 0.1
BH090 BH090/231214/0.3-0.55 Plenty Gorge Parks 23/12/2014 Agriculture Agriculture >100 >100 MO U 120 N Sud Nillumbik medium clay 10YR 2/1 0.3 0.55
BH091 BH091/231214/0.0-0.1 Plenty Gorge - near quarry Parks 23/12/2014 Agriculture Parkland >100 >100 VS U 117 NW Qvn Nillumbik silty loam 10YR 2/2 0 0.1
BH091 BH091/231214/0.4-0.6 Plenty Gorge - near quarry Parks 23/12/2014 Agriculture Parkland >100 >100 VS U 117 NW Qvn Nillumbik Sandy Gravel - Conglomerate 7.5R 2.5/2 0.4 0.6
BH092 BH092/050115/0.0-0.05 Mullum Mullum Parks 5/01/2015 Parkland Parkland >100 >200 ST M 109 N Sla Manningham silty loam 10YR 4/2 0 0.05
BH092 BH092/050115/0.3-0.35 Mullum Mullum Parks 5/01/2015 Parkland Parkland >100 >200 ST M 109 N Sla Manningham light clay 10YR 5/3 0.3 0.35
BH093 BH093/050115/0.0-0.1 Mullum Mullum Parks 5/01/2015 Parkland Parkland 100 100 ST M 129 S Sla Manningham silty clay 10YR 4/3 0.03 0.1
BH093 BH093/050115/0.3-0.5 Mullum Mullum Parks 5/01/2015 Parkland Parkland 100 100 ST M 129 S Sla Manningham light clay 10YR 5/4 0.3 0.5
BH094 BH094/050115/0.0-0.1 Mullum Mullum Parks 5/01/2015 Parkland Parkland >50 >50 GE M 128 NE Sla Manningham Silty clay 10YR 3/2 0 0.1
BH094 BH094/050115/0.3-0.55 Mullum Mullum Parks 5/01/2015 Parkland Parkland >50 >50 GE M 128 NE Sla Manningham light clay 10YR 4/4 0.3 0.55
BH095 BH095/050115/0.0-0.1 Mullum Mullum Parks 5/01/2015 Parkland Parkland >50 >100 MO M 132 S Sla Manningham light clay 10 YR 4/2 0 0.1
BH095 BH095/050115/0.35-0.6 Mullum Mullum Parks 5/01/2015 Parkland Parkland >50 >100 MO M 132 S Sla Manningham light clay 10YR 6/6 0.35 0.6
BH096 BH096/050115/0.0-0.05 Hopkins Ridge Parks 5/01/2015 Parkland Parkland >100 >50 ST M 149 NW Sud Maroondah silty loam 10YR 2/2 0 0.05
BH096 BH096/050115/0.4-0.6 Hopkins Ridge Parks 5/01/2015 Parkland Parkland >100 >50 ST M 149 NW Sud Maroondah medium clay 10YR 6/6 0.4 0.6
BH097 BH097/060115/0.0-0.1 Viewbank Parks 6/1/2015 Agriculture Agriculture <100 <100 MO M 37 S Sla Banyule silty clay 10YR 4/1 0 0.1
BH097 BH097/060115/0.35-0.6 Viewbank Parks 6/1/2015 Agriculture Agriculture <100 <100 MO M 37 S Sla Banyule light clay 10YR 5/3 0.35 0.6
BH098 BH098/060115/0.0-0.1 Viewbank Parks 6/1/2015 Agriculture Parkland >100 >200 GE M 52 E Sla Banyule silty loam 10YR 3/2 0 0.1
BH098 BH098/060115/0.5-0.6 Viewbank Parks 6/1/2015 Agriculture Parkland >100 >200 GE M 52 E Sla Banyule silty clay 10YR 4/3 0.5 0.6
BH099 BH099/060115/0-0.1 Viewbank Parks 6/1/2015 Agriculture Parkland >75 >50 GE L 16 W Sud Banyule silty loam 10YR 3/2 0 0.1
BH099 BH099/060115/0.43-0.6 Viewbank Parks 6/1/2015 Agriculture Parkland >75 >50 GE L 16 W Sud Banyule medium clay 10YR 4/4 0.43 0.6
BH100 BH100/060115/0.0-0.1 Golf Course, Viewbank Parks 2/1/2015 Agriculture Parkland >100 >100 LE F 16 W Sla Banyule silty clay 10YR 4/1 0 0.1
BH100 BH100/060115/0.35-0.6 Golf Course, Viewbank Parks 2/1/2015 Agriculture Parkland >100 >100 LE F 16 W Sla Banyule light clay 10YR 4/1 0.35 0.6
BH101 BH101/060115/0.0-0.1 Cleaveland Ave Parks 6/1/2015 Agriculture Agriculture >50 >50 LE F 36 SE Sla Banyule Silty Clay 10YR 3/2 0 0.1
BH101 BH101/060115/0.4-0.6 Cleaveland Ave Parks 6/1/2015 Agriculture Agriculture >50 >50 LE F 36 SE Sla Banyule medium clay 10YR 3/3 0.4 0.6
BH102 BH102/060115/0.0-0.1 Yarra Bend Parks 6/1/2015 Agriculture Parkland >50 >50 LE F 31 Qvn Yarra silty loam 10YR 2/2 0 0.1
BH102 BH102/060115/0.3-0.45 Yarra Bend Parks 6/1/2015 Agriculture Parkland >50 >50 LE F 31 Qvn Yarra silty clay 10YR 2/1 0.3 0.45
BH103 BH103/070115/0.0-0.1 Yarra Bend Parks 7/1/2015 Parkland Parkland >100 >50 ST U 30 SW Sud Boroondarra Silty Loam 10YR 2/2 0 0.1
BH103 BH103/070115/0.35-0.5 Yarra Bend Parks 7/1/2015 Parkland Parkland >100 >50 ST U 30 SW Sud Boroondarra medium clay 10YR 5/4 0.35 0.5
BH104 BH104/070115/0.0-0.1 Yarra Bend Parks 7/1/2015 Agriculture Parkland >100 >25 MO U 46 W Sud Boroondarra Silty Loam 10YR 2/2 0 0.1
BH104 BH104/070115/0.35-0.6 Yarra Bend Parks 7/1/2015 Agriculture Parkland >100 >25 MO U 46 W Sud Boroondarra Silty Clay 10YR 5/6 0.35 0.6
BH105 BH105/070115/0.0-0.1 Yarra Bend Parks 7/1/2015 Parkland Parkland >100 >25 VS M 24 SW Sud Boroondarra Silty Clay 10YR 4/2 0 0.1
BH105 BH105/070115/0.3-0.35 Yarra Bend Parks 7/1/2015 Parkland Parkland >100 >25 VS M 24 SW Sud Boroondarra silty clay 10YR 4/2 0.3 0.35
BH106 BH106/070115/0.0-0.05 Yarra Bend/Studley Park Rd Parks 7/1/2015 Parkland Parkland >50 >50 GE U 43 N Sud Boroondarra silty loam 10YR 2/2 0 0.05
BH106 BH106/070115/0.4-0.6 Yarra Bend/Studley Park Rd Parks 7/1/2015 Parkland Parkland >50 >50 GE U 43 N Sud Boroondarra medium clay 7.5YR 4/6 0.4 0.6
BH107 BH107/070115/0.0-0.1 Yarra Bend Parks 7/1/2015 Agriculture Parkland >100 >25 GE L 36 S Sud Boroondarra silty loam 10YR 4/2 0 0.1
BH107 BH107/070115/0.3-0.4 Yarra Bend Parks 7/1/2015 Agriculture Parkland >100 >25 GE L 36 S Sud Boroondarra silty clay 10YR 5/4 0.3 0.4
BH108 BH108/081115/0-0.1 Cooper St Grasslands Parks 8/1/2015 Agriculture Parkland >250 >250 LE F 122 W Qvn Whittlesea light clay 10YR 3/2 0 0.1
BH108 BH108/081115/0.3-0.6 Cooper St Grasslands Parks 8/1/2015 Agriculture Parkland >250 >250 LE F 122 W Qvn Whittlesea Heavy clay 10YR 4/1 0.3 0.6
BH109 BH109/081115/0-0.1 Cooper St Grasslands Parks 8/1/2015 Agriculture Parkland >100 >50 LE F 137 S Qvn Hume silty clay 7.5YR 3/1 0 0.1
BH109 BH109/081115/0.35-0.6 Cooper St Grasslands Parks 8/1/2015 Agriculture Parkland >100 >50 LE F 137 S Qvn Hume Heavy clay 10YR 3/1 0.35 0.6
BH110 BH110/081115/0-0.1 Cooper St Grasslands Parks 8/1/2015 Agriculture Parkland >100 >100 LE F 138 N Qvn Hume Silty Clay 7.5YR 3/2 0 0.1
BH110 BH110/081115/0.45-0.6 Cooper St Grasslands Parks 8/1/2015 Agriculture Parkland >100 >100 LE F 138 N Qvn Hume Heavy clay 2.5Y 4/1 0.45 0.6
BH111 BH111/081115/0-0.05 Cragieburn Grasslands Parks 8/1/2015 Agriculture Parkland >50 >50 MO M 180 W Qvn Hume silty clay 10YR 4/1 0 0.05
BH111 BH111/081115/0.3-0.35 Cragieburn Grasslands Parks 8/1/2015 Agriculture Parkland >50 >50 MO M 180 W Qvn Hume silty clay 10YR 4/1 0.3 0.35
BH112 BH112/090115/0.0-0.05 Kinglake Parks 9/1/2015 Parkland Parkland >100 >50 ST M 505 S Sud Mitchell silty loam 10YR 3/1 0 0.05
BH112 BH112/090115/0.5-0.6 Kinglake Parks 9/1/2015 Parkland Parkland >100 >50 ST M 505 S Sud Mitchell light clay 10YR 5/6 0.5 0.6
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BH113 BH113/090115/0.0-0.05 Kinglake Parks 9/1/2015 Parkland Parkland >100 >25 ST M 399 W Sud Mitchell silty loam 10YR 3/2 0 0.05
BH113 BH113/090115/0.5-0.6 Kinglake Parks 9/1/2015 Parkland Parkland >100 >25 ST M 399 W Sud Mitchell medium clay 10YR 5/4 0.5 0.6
BH114 BH114/090115/0.0-0.1 Kinglake National Park Parks 9/1/2015 Parkland Parkland >100 >25 ST M 454 E Sud Mitchell light clay 10YR 5/2 0 0.1
BH114 BH114/090115/0.3-0.4 Kinglake National Park Parks 9/1/2015 Parkland Parkland >100 >25 ST M 454 E Sud Mitchell light clay 10YR 6/4 0.3 0.4
BH115 BH115/090115/0.0-0.1 Nanny Creek Parks 9/1/2015 Agriculture Parkland >100 >250 MO L 295 N Sud Mitchell silty loam 10YR 3/2 0 0.1
BH115 BH115/090115/0.3-0.6 Nanny Creek Parks 9/1/2015 Agriculture Parkland >100 >250 MO L 295 N Sud Mitchell light clay 10YR 5/4 0.3 0.6
BH116 BH116/090115/0.0-0.15 Saunders Rd Parks 9/1/2015 Agriculture Agriculture >100 >20 GE L 308 N Sud Mitchell Silty clay 10YR 4/2 0 0.1
BH116 BH116/090115/0.3-0.55 Saunders Rd Parks 9/1/2015 Agriculture Agriculture >100 >20 GE L 308 N Sud Mitchell light clay 10YR 6/3 0.3 0.55
BH117 BH117/120115/0.0-0.1 Cragieburn Grasslands Parks 12/1/2015 Agriculture Parkland >200 >200 LE F 158 E Qvn Whittlesea silty clay 2.5Y 2.5/1 0 0.1
BH117 BH117/120115/0.3-0.5 Cragieburn Grasslands Parks 12/1/2015 Agriculture Parkland >200 >200 LE F 158 E Qvn Whittlesea medium clay 2.5Y 3/1 0.3 0.5
BH118 BH118/120115/0.0-0.1 Mt. Ridley Parklands Parks 12/1/2015 Agriculture Parkland >100 >100 LE F 249 S Qvn Hume silty clay 10YR 4/2 0 0.1
BH118 BH118/120115/0.35-0.6 Mt. Ridley Parklands Parks 12/1/2015 Agriculture Parkland >100 >100 LE F 249 S Qvn Hume medium clay 10YR 5/6 0.35 0.6
BH119 BH119/120115/0.0-0.05 Holden Flora Reserve Parks 12/1/2015 Agriculture Parkland >100 >80 MO U 200 SE Qvn Hume silty loam 10YR 2/2 0 0.05
BH119 BH119/120115/0.3-0.4 Holden Flora Reserve Parks 12/1/2015 Agriculture Parkland >100 >80 MO U 200 SE Qvn Hume silty clay 7.5YR 2.5/2 0.3 0.4
BH120 BH120/120115/0.0-0.1 Holden Flora Reserve Parks 12/1/2015 Agriculture Parkland >100 >100 GE L 176 E Qvn Hume light clay 10YR 3/1 0 0.1
BH120 BH120/120115/0.3-0.6 Holden Flora Reserve Parks 12/1/2015 Agriculture Parkland >100 >100 GE L 176 E Qvn Hume medium clay 10YR 4/1 0.3 0.6
BH121 BH121/120115/0.0-0.1 Banchory Conservation Reserve Parks 12/1/2015 Agriculture Parkland >50 >100 GE M 134 E Qvn Melton silty loam 7.5YR 3/2 0 0.1
BH121 BH121/120115/0.3-0.4 Banchory Conservation Reserve Parks 12/1/2015 Agriculture Parkland >50 >100 GE M 134 E Qvn Melton silty clay 7.5YR 3/1 0.3 0.4
BH122 BH122/140115/0-0.05 paddock, Three Chain Road Parks 14/01/2015 Agriculture Agriculture >25 >100 GE U 281 N Sud Mitchell Silty Clay Loam 10YR 4/2 0 0.05
BH122 BH122/140115/0.5-0.6 paddock, Three Chain Road Parks 14/01/2015 Agriculture Agriculture >100 >25 GE U 281 N Sud Mitchell Light Clay 10YR 6/6 0.5 0.6
BH123 BH123/140115/0-0.1 Kilmore-Glenaroua Rd Parks 14/01/2015 Agriculture Parkland >100 >50 GE L 255 N Sud Mitchell Silty Loam 10YR 4/2 0 0.1
BH123 BH123/140115/0.5-0.6 Kilmore-Glenaroua Rd Parks 14/01/2015 Agriculture Parkland >100 >50 GE L 255 N Sud Mitchell Silty Clay 10YR 6/4 0.5 0.6
BH124 BH124/140115/0-0.1 Kilmore-Glenaroua Rd Parks 14/01/2015 Agriculture Agriculture >100 >100 MO L 240 E Sud Mitchell Silty Loam 10YR 4/1 0 0.1
BH124 BH124/140115/0.3-0.35 Kilmore-Glenaroua Rd Parks 14/01/2015 Agriculture Agriculture >100 >100 MO L 240 E Sud Mitchell Light Clay 10YR 4/2 0.3 0.35
BH125 BH125/140115/0-0.05 Kilmore-Glenaroua Rd Parks 14/01/2015 Agriculture Agriculture >250 >50 VS M 215 E Sud Mitchell Silty Clay Loam 7.5YR 4/4 0 0.05
BH125 BH125/140115/0.3-0.45 Kilmore-Glenaroua Rd Parks 14/01/2015 Agriculture Agriculture >250 >50 VS M 215 E Sud Mitchell Light Clay 2.5YR 7/4 0.3 0.45
BH126 BH126/140115/0-0.05 Kilmore-Glenaroua Rd Parks 14/01/2015 Agriculture Agriculture >100 >50 MO M 237 Sud Mitchell Silty Loam 7.5YR 3/2 0 0.05
BH126 BH126/140115/0.35-0.6 Kilmore-Glenaroua Rd Parks 14/01/2015 Agriculture Agriculture >100 >50 MO M 237 Sud Mitchell Medium Clay 7.5YR 4/6 0.35 0.6
BH127 BH127/160115/0-0.05 High Camp Flora Reserve Parks 16/01/2015 Agriculture Parkland >100 >50 GE L 336 E Sud Mitchell Silty Loam 10YR 4/2 0 0.05
BH127 BH127/160115/0.35-0.6 High Camp Flora Reserve Parks 16/01/2015 Agriculture Parkland >100 >50 GE L 336 E Sud Mitchell Medium Clay 10YR 6/2 0.35 0.6
BH128 BH128/160115/0-0.1 Tooborac Reserve Parks 16/01/2015 Agriculture Agriculture >100 >50 MO M 444 W Sud Mitchell Silty Loam 10YR 2/2 0 0.1
BH128 BH128/160115/0.45-0.6 Tooborac Reserve Parks 16/01/2015 Agriculture Agriculture >100 >50 MO M 444 W Sud Mitchell Light Clay 5YR 7/8 0.45 0.6
BH129 BH129/160115/0-0.05 Tooborac Reserve Parks 16/01/2015 Mining Parkland >100 >50 GE M 270 NW Sud Mitchell Silty Loam 10YR 2/2 0 0.05
BH129 BH129/160115/0.5-0.6 Tooborac Reserve Parks 16/01/2015 Mining Parkland >100 >50 GE M 270 NW Sud Mitchell Light Clay 7.5YR 5/6 0.5 0.6
BH130 BH130/160115/0-0.1 Tooborac Reserve Parks 16/01/2015 Mining Parkland >100 >50 GE U 307 W Sud Mitchell Silty Loam 10YR 3/3 0 0.1
BH130 BH130/160115/0.5-0.6 Tooborac Reserve Parks 16/01/2015 Mining Parkland >100 >50 GE U 307 W Sud Mitchell Light Clay 2.5Y 5/4 0.5 0.6
BH131 BH131/160115/0-0.1 Pyalong-Panyule Rd Garding Ck Parks 16/01/2015 Agriculture Agriculture >100 >25 GE M 280 W Sud Mitchell Silty Clay Loam 10YR 3/2 0 0.1
BH131 BH131/160115/0.3-0.4 Pyalong-Panyule Rd Garding Ck Parks 16/01/2015 Agriculture Agriculture >100 >25 GE M 280 W Sud Mitchell Silty Clay 10YR 5/3 0.3 0.4
BH132 BH132/190115/0-0.05 Kinglake National Park Parks 19/01/2015 Parkland Parkland >100 >50 VS M 216 NW Sla Nillumbik Silty Loam 7.5YR 4/2 0 0.05
BH132 BH132/190115/0.4-0.6 Kinglake National Park Parks 19/01/2015 Parkland Parkland >100 >50 VS M 216 NW Sla Nillumbik Medium Clay 7.5YR 6/6 0.4 0.6
BH133 BH133/190115/0-0.1 Ninks Rd Kinglake Parks 19/01/2015 Parkland Parkland >100 >50 VS M 253 N Sud Nillumbik Silty Clay Loam 10YR 5/3 0 0.1
BH133 BH133/190115/0.5-0.6 Ninks Rd Kinglake Parks 19/01/2015 Parkland Parkland >100 >50 VS M 253 N Sud Nillumbik Medium Clay 7.5YR 6/10 0.5 0.6
BH134 BH134/190115/0-0.05 Ninks Rd Kinglake Parks 19/01/2015 Parkland Parkland >100 >25 ST M 268 NW Sud Nillumbik Silty Loam 10YR 3/2 0 0.05
BH134 BH134/190115/0.45-0.6 Ninks Rd Kinglake Parks 19/01/2015 Parkland Parkland >100 >25 ST M 268 NW Sud Nillumbik Medium Clay 10YR 5/4 0.45 0.6
BH135 BH135/190115/0-0.1 Spur Rd Kinglake National Park Parks 19/01/2015 Parkland Parkland >100 >25 VS U 533 NW Sud Nillumbik Silty Clay 10YR 6/2 0 0.1
BH135 BH135/190115/0.4-0.55 Spur Rd Kinglake National Park Parks 19/01/2015 Parkland Parkland >100 >25 VS U 533 NW Sud Nillumbik Silty Clay 10YR 6/8 0.4 0.55
BH136 BH136/190115/0-0.05 Bowden Spur Rd Kinglake Parks 19/01/2015 Parkland Parkland >100 >25 VS U 365 SE Sud Nillumbik Silty Clay Loam 10YR 3/1 0 0.05
BH136 BH136/190115/0.5-0.6 Bowden Spur Rd Kinglake Parks 19/01/2015 Parkland Parkland >100 >25 VS U 365 SE Sud Nillumbik Medium Clay 7.5YR 6/6 0.5 0.6
BH137 BH137/220115/0.0-0.1 Kinglake national Park Parks 22/01/2015 Parkland Parkland >100 >50 MO M 474 W Sud Mitchell Silty Clay Loam 10Yr 3/2 0 0.1
BH137 BH137/220115/0.4-0.6 Kinglake national Park Parks 22/01/2015 Parkland Parkland >100 >50 MO M 474 W Sud Mitchell Light clay 10Yr 6/6 0.4 0.6
BH138 BH138/220115/0.0-0.1 paddock, Three Chain Rd Parks 22/01/2015 Agriculture Parkland >100 >25 ST L 251 W Sud Mitchell Sandy Loam 7.5yr 3/2 0 0.1
BH138 BH138/220115/0.35-0.5 paddock, Three Chain Rd Parks 22/01/2015 Agriculture Parkland >100 >25 ST L 251 W Sud Mitchell Medium Clay 10yr 6/6 0.35 0.5
BH139 BH139/220115/0.0-0.1 paddock, Ashes Bridge Road Private 22/1/2015 Agriculture Agriculture >50 >50 LE F 183 N Qvn Mitchell Silty Clay 10YR 3/2 0 0.1
BH139 BH139/220115/0.35-0.6 paddock, Ashes Bridge Road Private 22/1/2015 Agriculture Agriculture >50 >50 LE F 183 N Qvn Mitchell Silty Clay 10YR 5/1 0.35 0.6
BH140 BH140/220115/0.0-0.1 paddock, Ashes Bridge Road Private 22/1/2015 Agriculture Agriculture >100 >100 MO U 155 S Qvn Mitchell Silty Clay Loam 10YR 4/2 0 0.1
BH140 BH140/220115/0.4-0.6 paddock, Ashes Bridge Road Private 22/1/2015 Agriculture Agriculture >100 >100 MO U 155 S Qvn Mitchell Medium Clay 5YR 4/4 0.4 0.6
BH141 BH141/060215/0.0-0.1 Golf course -Port Arlington Private 2/06/2015 Parkland Parkland >100 >100 MO M 15 NW Tpb Greater Geelong Sand 10YR 3/1 0 0.1
BH141 BH141/060215/0.3-0.6 Golf course -Port Arlington Private 2/06/2015 Parkland Parkland >100 >100 MO M 15 NW Tpb Greater Geelong Sand 10YR 4/3 0.3 0.6
BH142 BH142/230115/0.0-0.1 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >50 >100 MO U 34 NE Qvn Greater Geelong Sandy Clay Loam 10YR 2/2 0 0.1
BH142 BH142/230115/0.3-0.5 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >50 >100 MO U 34 NE Qvn Greater Geelong Light Clay 10Yr 3/3 0.3 0.5
BH143 BH143/230115/0.0-0.1 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >200 >200 LE F 51 S Tpb Greater Geelong Silty Loam 10YR 4/1 0 0.1
BH143 BH143/230115/0.3-0.6 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >200 >200 LE F 51 S Tpb Greater Geelong Medium Clay 10YR 5/6 0.3 0.6
BH144 BH144/230115/0.0-0.1 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >100 >200 GE M 64 Tpb Greater Geelong Sandy Loam 10YR 3/2 0 0.1
BH144 BH144/230115/0.4-0.6 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >100 >200 GE M 64 Tpb Greater Geelong Medium Clay 7.5YR 4/1 0.3 0.6
BH145 BH145/230115/0.0-0.1 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >100 >150 LE F 80 N Qvn Greater Geelong Silty Loam 10YR 3/2 0 0.1
BH145 BH145/230115/0.4-0.6 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >100 >150 LE F 80 N Qvn Greater Geelong Silty Clay 10YR 4/2 0.4 0.6
BH146 BH146/230115/0.0-0.1 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >100 >100 LE F 72 W Qvn Greater Geelong Silty Clay 10YR 3/1 0 0.1
BH146 BH146/230115/0.4-0.6 Paddock adjacent quarry Private 23/1/2015 Agriculture Agriculture >100 >100 LE F 72 W Qvn Greater Geelong Heavy Clay 10YR 5/2 0.4 0.6
BH147 BH147/300115/0.0-0.1 paddock, Ashes Bridge Road Private 30/1/2015 Agriculture Agriculture >100 >150 GE U 176 E Qvn Mitchell Silty Loam 10YR 3/1 0 0.1
BH147 BH147/300115/0.4-0.6 paddock, Ashes Bridge Road Private 30/1/2015 Agriculture Agriculture >100 >150 GE U 176 E Qvn Mitchell Silty Clay 10YR 5/2 0.4 0.6
BH148 BH148/300115/0.0-0.1 paddock, Ashes Bridge Road Private 30/1/2015 Agriculture Agriculture >100 >250 LE F 170 E Qvn Mitchell Silty Loam 10YR 3/3 0 0.1
BH148 BH148/300115/0.35-0.6 paddock, Ashes Bridge Road Private 30/1/2015 Agriculture Agriculture >100 >250 LE F 170 E Qvn Mitchell Light Clay 2.5Y 4/3 0.35 0.6
BH149 BH149/300115/0.0-0.1 paddock, Ashes Bridge Road Private 30/1/2015 Agriculture Agriculture >100 >100 MO U 172 N Qvn Mitchell Silty Clay 5YR 3/3 0 0.1
BH149 BH149/300115/0.3-0.6 paddock, Ashes Bridge Road Private 30/1/2015 Agriculture Agriculture >100 >100 MO U 172 N Qvn Mitchell Sandy Clay Loam 5YR 5/3 0.3 0.6
BH150 BH150/300115/0.0-0.1 paddock, Ashes Bridge Road Private 30/1/2015 Agriculture Agriculture >100 >250 LE F 166 SE Qvn Mitchell Silty Clay 10YR 4/2 0 0.1
BH150 BH150/300115/0.3-0.6 paddock, Ashes Bridge Road Private 30/1/2015 Agriculture Agriculture >100 >250 LE F 166 SE Qvn Mitchell Silty Clay 10YR 2/1 0.3 0.6
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BH151 BH151/020215/0.0-0.1 Marcus Hill Council 2/02/2015 Parkland Parkland >50 >50 GE M 23 E Tpb Greater Geelong Silty Sand 10YR 3/1 0 0.1
BH151 BH151/020215/0.4-0.6 Marcus Hill Council 2/02/2015 Parkland Parkland >50 >50 GE M 23 E Tpb Greater Geelong Medium Clay 5YR 5/6 0.4 0.6
BH152 BH152/020215/0.0-0.1 Claws lane Marcus Hill Council 2/02/2015 Agriculture Parkland >100 >100 LE L 7 S Tpb Greater Geelong Silty Loam 10YR 3/1 0 0.1
BH152 BH152/020215/0.4-0.6 Claws lane Marcus Hill Council 2/02/2015 Agriculture Parkland >100 >100 LE L 7 S Tpb Greater Geelong Silty Clay Loam 2.5Y 2.5/1 0.4 0.6
BH153 BH153/020215/0.0-0.1 Kingston Park Ocean Grove Council 2/02/2015 Parkland Parkland >100 >100 LE F 70 SW Tpb Greater Geelong Silty Loam 10YR 2/2 0 0.1
BH153 BH153/020215/0.35-0.6 Kingston Park Ocean Grove Council 2/02/2015 Parkland Parkland >100 >100 LE F 70 SW Tpb Greater Geelong Light Clay 10YR 4/6 0.35 0.6
BH154 BH154/020215/0.0-0.1 Ocean Grove Council 2/02/2015 Parkland Parkland >50 >50 GE U 37 SE Tpb Greater Geelong Silty Sand 7.5YR 3/1 0 0.1
BH154 BH154/020215/0.45-0.6 Ocean Grove Council 2/02/2015 Parkland Parkland >50 >50 GE U 37 SE Tpb Greater Geelong Light Clay 7.5YR 4/6 0.45 0.6
BH155 BH155/020215/0.0-0.1 Ocean Grove Lookout Council 2/02/2015 Parkland Parkland >50 >25 MO U 35 NW Tpb Greater Geelong Sandy Loam 7.5Yr 3/1 0 0.1
BH155 BH155/020215/0.4-0.6 Ocean Grove Lookout Council 2/02/2015 Parkland Parkland >50 >25 MO U 35 NW Tpb Greater Geelong Sand 7.5YR 4/4 0.4 0.6
BH156 BH156/030215/0.0-0.1 Lake Connewarre Parks 2/03/2015 Agriculture Parkland >100 >50 LE L 2 S Tpb Greater Geelong Silty Loam 10YR 2/1 0 0.1
BH156 BH156/030215/0.4-0.6 Lake Connewarre Parks 2/03/2015 Agriculture Parkland >100 >50 LE L 2 S Tpb Greater Geelong Sand 10YR 5/6 0.4 0.6
BH157 BH157/030215/0.0-0.1 Lake Connewarre Parks 2/03/2015 Agriculture Parkland >100 >50 GE U 17 S Tpb Greater Geelong Sand 10YR 2/1 0 0.1
BH157 BH157/030215/0.3-0.6 Lake Connewarre Parks 2/03/2015 Agriculture Parkland >100 >50 GE U 17 S Tpb Greater Geelong Sandy Loam 10Yr 2/2 0.3 0.6
BH158 BH158/030215/0.0-0.1 Ocean Grove Park Council 2/03/2015 Parkland Parkland >25 >25 LE F 40 W Tpb Greater Geelong Sandy Loam 10YR 2/2 0 0.1
BH158 BH158/030215/0.4-0.6 Ocean Grove Park Council 2/03/2015 Parkland Parkland >25 >25 LE F 40 W Tpb Greater Geelong Light Clay 10YR 4/6 0.4 0.6
BH159 BH159/030215/0.0-0.1 Portarlington Park Council 2/03/2015 Parkland Parkland >20 >25 LE F 43 N Tpb Greater Geelong SIlty Loam 10YR 2/1 0 0.1
BH159 BH159/030215/0.3-0.6 Portarlington Park Council 2/03/2015 Parkland Parkland >20 >25 LE F 43 N Tpb Greater Geelong Silty CLay 10YR 3/2 0.3 0.6
BH160 BH160/280815/0.0-0.1 Paddock, Dandenong Private 28/08/2015 Agriculture Agriculture >100 >100 LE F 16 N Tpb Dandenong silty sand 10YR 3/4 0 0.1
BH160 BH160/280815/0.3-0.6 Paddock, Dandenong Private 28/08/2015 Agriculture Agriculture >100 >100 LE F 16 N Tpb Dandenong silty Clay 10YR 5/4 0.3 0.6
BH161 BH161/040215/0.0-0.1 Elcho Rd Lara Council 2/04/2015 Parkland Parkland >100 >50 LE F 28 N Qvn Greater Geelong Loamy Sand 7.5YR 3/2 0 0.1
BH161 BH161/040215/0.55-0.6 Elcho Rd Lara Council 2/04/2015 Parkland Parkland >100 >50 LE F 28 N Qvn Greater Geelong Silty Clay 10YR 4/3 0.55 0.6
BH162 BH162/040215/0.0-0.1 Evans Park Geelong Council 2/04/2015 Parkland Parkland >75 >100 LE F 24 S Qvn Greater Geelong Silty Loam 10YR 3/2 0 0.1
BH162 BH162/040215/0.3-0.6 Evans Park Geelong Council 2/04/2015 Parkland Parkland >75 >100 LE F 24 S Qvn Greater Geelong Silty Clay 10YR 5/2 0.3 0.6
BH163 BH163/040215/0.0-0.1 Fountain Of Friendship Park Council 2/04/2015 Parkland Parkland >100 >50 LE F 24 N Qvn Greater Geelong Silty Loam 10YR 3/2 0 0.1
BH163 BH163/040215/0.4-0.6 Fountain Of Friendship Park Council 2/04/2015 Parkland Parkland >100 >50 LE F 24 N Qvn Greater Geelong Medium Clay 10Yr 4/2 0.4 0.6
BH164 BH164/040215/0.0-0.1 Fountain Of Friendship Park Council 2/04/2015 Agriculture Parkland >50 >50 LE F 24 E Qvn Greater Geelong Silty Clay 10YR 2/2 0 0.1
BH164 BH164/040215/0.3-0.6 Fountain Of Friendship Park Council 2/04/2015 Agriculture Parkland >50 >50 LE F 24 E Qvn Greater Geelong Light Clay 10YR 3/3 0.3 0.6
BH165 BH165/040215/0.0-0.1 Flinders Memorial Park Council 2/04/2015 Agriculture Agriculture >100 >100 LE F 23 Qvn Greater Geelong Silty Clay 5YR 3/3 0 0.1
BH165 BH165/040215/0.5-0.6 Flinders Memorial Park Council 2/04/2015 Agriculture Agriculture >100 >100 LE F 23 Qvn Greater Geelong Light Clay 7.5YR 4/6 0.5 0.6
BH166 BH166/040215/0-0.1 Stulle Reverve Council 2/04/2015 Agriculture Parkland >100 >50 LE F 17 Qvn Mitchell Silty Clay 10YR 5/1 0 0.1
BH166 BH166/040215/0.35-0.6 Stulle Reverve Council 2/04/2015 Agriculture Parkland >100 >50 LE F 17 Qvn Mitchell Medium Clay 10YR 5/1 0.35 0.6
BH167 BH167/050215/0-0.1 Paddock-Willowmavn Rd Private 2/05/2015 Agriculture Agriculture >100 >150 GE L 343 N Qvn Mitchell Light Clay 7.5YR 3/1 0 0.1
BH167 BH167/050215/0.4-0.6 Paddock-Willowmavn Rd Private 2/05/2015 Agriculture Agriculture >100 >150 GE L 343 N Qvn Mitchell Silty Clay 7.5YR 3/2 0.4 0.6
BH168 BH168/050215/0-0.1 Paddock-Willowmavn Rd Private 2/05/2015 Agriculture Agriculture >100 >50 GE M 352 E Qvn Mitchell Silty Loam 7.5YR 3/1 0 0.1
BH168 BH168/050215/0.35-0.6 Paddock-Willowmavn Rd Private 2/05/2015 Agriculture Agriculture >100 >50 GE M 352 E Qvn Mitchell Medium Clay 7.5YR 3/2 0.35 0.6
BH169 BH169/060215/0.0-0.1 Golf course-Port Arlington Private 2/06/2015 Parkland Parkland >100 >50 GE L 22 NW Tpb Greater Geelong Sand 7.5YR 3/1 0 0.1
BH169 BH169/060215/0.4-0.6 Golf course-Port Arlington Private 2/06/2015 Parkland Parkland >100 >50 GE L 22 NW Tpb Greater Geelong Sand 7.5YR 4/3 0.4 0.6
BH170 BH170/060215/0.0-0.1 WIllis st Portarlington Council 2/06/2015 Agriculture Parkland >50 >50 LE F 14 N Tpb Greater Geelong Silty Loam 10YR 3/2 0 0.1
BH170 BH170/060215/0.35-0.6 WIllis st Portarlington Council 2/06/2015 Agriculture Parkland >50 >50 LE F 14 N Tpb Greater Geelong Silty Clay 10YR 4/2 0.35 0.6
BH171 BH171/060215/0.0-0.1 Drysdale Reserve Council 2/06/2015 Agriculture Parkland >40 >100 GE U 71 S Tpb Greater Geelong Loamy Sand 10YR 2/2 0 0.1
BH171 BH171/060215/0.4-0.6 Drysdale Reserve Council 2/06/2015 Agriculture Parkland >40 >100 GE U 71 S Tpb Greater Geelong Sand 10YR 3/4 0.3 0.6
BH172 BH172/060215/0.0-0.1 Sutcliffs Park Plantation Rd Council 2/06/2015 Agriculture Parkland >100 >100 LE F 30 S Qvn Greater Geelong Silty Clay Loam 10YR 3/1 0 0.1
BH172 BH172/060215/0.45-0.55 Sutcliffs Park Plantation Rd Council 2/06/2015 Agriculture Parkland >100 >100 LE F 30 S Qvn Greater Geelong Silty Clay 10YR 5/1 0.45 0.55
BH173 BH173/090215/0.0-0.1 Abe Wood Reserve Anakie Council 2/09/2015 Agriculture Parkland >100 >100 LE F 69 N Qvn Greater Geelong Silty Clay Loam 7.5YR 3/2 0 0.1
BH173 BH173/090215/0.45-0.6 Abe Wood Reserve Anakie Council 2/09/2015 Agriculture Parkland >100 >100 LE F 69 N Qvn Greater Geelong Silty Clay 7.5YR 4/2 0.45 0.6
BH174 BH174/090215/0.0-0.1 Myers Reserve Council 2/09/2015 Agriculture Parkland >100 >100 LE F 72 SE Qvn Greater Geelong Silty Clay Loam 10YR 3/1 0 0.1
BH174 BH174/090215/0.35-0.6 Myers Reserve Council 2/09/2015 Agriculture Parkland >100 >100 LE F 72 SE Qvn Greater Geelong Silty Clay 10YR 3/1 0.35 0.6
BH175 BH175/090215/0.0-0.1 Haines Reserve Council 2/09/2015 Agriculture Parkland >100 >150 LE F 76 W Qvn Greater Geelong Silty Clay 7.5YR 3/1 0 0.1
BH175 BH175/090215/0.55-0.6 Haines Reserve Council 2/09/2015 Agriculture Parkland >100 >150 LE F 76 W Qvn Greater Geelong Light Clay 10YR 6/3 0.55 0.6
BH176 BH176/090215/0.0-0.1 Kevin Kirby Reserve Great Britain St Council 2/09/2015 Agriculture Parkland >50 >50 LE F 59 E Qvn Greater Geelong Silty Clay Loam 10YR 3/2 0 0.1
BH176 BH176/090215/0.5-0.6 Kevin Kirby Reserve Great Britain St Council 2/09/2015 Agriculture Parkland >50 >50 LE F 59 E Qvn Greater Geelong Medium Clay 10YR 3/2 0.5 0.6
BH177 BH177/090215/0.0-0.1 Elderslie Reserve Geelong Council 2/09/2015 Agriculture Parkland >75 >25 LE F 57 E Qvn Greater Geelong Silty Loam 7.5YR 3/1 0 0.1
BH177 BH177/090215/0.45-0.6 Elderslie Reserve Geelong Council 2/09/2015 Agriculture Parkland >75 >25 LE F 57 E Qvn Greater Geelong Silty Clay 10YR 4/3 0.45 0.6
BH178 BH178/100215/0.0-0.1 Coolabah Dr Park Council 2/10/2015 Agriculture Parkland >25 >25 GE M 49 NE Tpb Greater Geelong Light Clay 10YR 3/2 0 0.1
BH178 BH178/100215/0.4-0.6 Coolabah Dr Park Council 2/10/2015 Agriculture Parkland >25 >25 GE M 49 NE Tpb Greater Geelong Medium Clay 10YR 3/2 0.4 0.6
BH179 BH179/100215/0.0-0.1 John Croft Reserve Council 2/10/2015 Parkland Parkland >75 >100 GE M 52 E Tpb Greater Geelong Sandy Loam 7.5YR 3/1 0 0.1
BH179 BH179/100215/0.4-0.6 John Croft Reserve Council 2/10/2015 Parkland Parkland >75 >100 GE M 52 E Tpb Greater Geelong Medium Clay 7.5YR 4/4 0.4 0.6
BH180 BH180/100215/0.0-0.1 Grovedale, rail reserve Council 2/10/2015 Agriculture Parkland >75 >100 GE M 55 S Tpb Greater Geelong Silty Clay 10YR 2/2 0 0.1
BH180 BH180/100215/0.45-0.6 Grovedale, rail reserve Council 2/10/2015 Agriculture Parkland >75 >100 GE M 55 S Tpb Greater Geelong Light Clay 2.5Y 4/4 0.45 0.6
BH181 BH181/100215/0.0-0.1 Mt Duneed Recreation Reserve Council 2/10/2015 Agriculture Agriculture >100 >100 LE F 73 W Qvn Greater Geelong Silty Clay 10YR 2/1 0 0.1
BH181 BH181/100215/0.35-0.6 Mt Duneed Recreation Reserve Council 2/10/2015 Agriculture Agriculture >100 >100 LE F 73 W Qvn Greater Geelong Medium Clay 7.5YR 3/1 0.35 0.6
BH182 BH182/100215/0.0-0.1 Mt Duneed Recreation Reserve Council 2/10/2015 Agriculture Agriculture >50 >75 GE U 96 W Qvn Greater Geelong Silty Loam 7.5YR 2.5/2 0 0.1
BH182 BH182/100215/0.3-0.55 Mt Duneed Recreation Reserve Council 2/10/2015 Agriculture Agriculture >50 >75 GE U 96 W Qvn Greater Geelong Silty Clay 7.5YR 2.5/1 0.3 0.55
BH183 BH183/100215/0.0-0.1 Mt Duneed Recreation Reserve Council 2/10/2015 Agriculture Agriculture >100 >100 GE U 98 W Qvn Greater Geelong Silty Clay 10YR 3/2 0 0.1
BH183 BH183/100215/0.35-0.60 Mt Duneed Recreation Reserve Council 2/10/2015 Agriculture Agriculture >100 >100 GE U 98 W Qvn Greater Geelong Medium Clay 10YR 3/2 0.35 0.6
BH184 BH184/120215/0.0-0.1 residential paddock, Bridge Rd Lara Private 2/12/2015 Agriculture Agriculture >75 >100 LE F 35 Qvn Greater Geelong Silty Clay 7.5YR 3/2 0 0.1
BH184 BH184/120215/0.35-0.6 residential paddock, Bridge Rd Lara Private 2/12/2015 Agriculture Agriculture >75 >100 LE F 35 Qvn Greater Geelong Medium Clay 7.5YR 4/3 0.35 0.6
BH185 BH185/120215/0.0-0.1 paddocks adjacent quarry Private 2/12/2015 Agriculture Agriculture >250 >250 MO U 285 Qvn Greater Geelong Silty Loam 5YR 2.5/2 0 0.1
BH185 BH185/120215/0.3-0.6 paddocks adjacent quarry Private 2/12/2015 Agriculture Agriculture >250 >250 MO U 285 Qvn Greater Geelong Silty Loam 2.5YR 2.5/3 0.3
BH186 BH186/120215/0.0-0.1 paddocks adjacent quarry Private 2/12/2015 Agriculture Agriculture >100 >100 MO L 285 NW Qvn Greater Geelong Clay Loam 5YR 3/2 0 0.1
BH186 BH186/120215/0.4-0.5 paddocks adjacent quarry Private 2/12/2015 Agriculture Agriculture >100 >100 MO L 285 NW Qvn Greater Geelong Clay Loam 2.5YR 3/3 0.4 0.5
BH187 BH187/120215/0.0-0.1 paddocks adjacent quarry Private 2/12/2015 Agriculture Agriculture >100 >100 GE L 215 W Qvn Greater Geelong Silty Loam 10YR 2/2 0 0.1
BH187 BH187/120215/0.5-0.6 paddocks adjacent quarry Private 2/12/2015 Agriculture Agriculture >100 >100 GE L 215 W Qvn Greater Geelong Silty Clay 7.5YR 3/3 0.5 0.6
BH188 BH188/120215/0.0-0.1 paddock Carrs rd Anakie East Private 2/12/2015 Agriculture Agriculture >100 >50 LE F 117 W Qvn Greater Geelong Silty Clay 7.5YR 3/2 0 0.1
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BH188 BH188/120215/0.4-0.6 paddock Carrs rd Anakie East Private 2/12/2015 Agriculture Agriculture >100 >50 LE F 117 W Qvn Greater Geelong Silty Clay 10YR 7/4 0.4 0.6
BH189 BH189/120215/0.0-0.1 paddock Baccus Marsh Rd Anakie East Private 2/12/2015 Agriculture Agriculture >300 >100 GE M 49 NE Qvn Greater Geelong Silty Clay 5YR 3/3 0 0.1
BH189 BH189/120215/0.3-0.6 paddock Baccus Marsh Rd Anakie East Private 2/12/2015 Agriculture Agriculture >300 >100 GE M 49 NE Qvn Greater Geelong Medium Clay 2.5YR 3/4 0.3 0.6
BH190 BH190/120215/0.0-0.1 Paddock Anakie East Private 2/12/2015 Agriculture Agriculture >100 >100 GE M 63 S Qvn Greater Geelong Sandy Loam 7.5YR 3/3 0 0.1
BH190 BH190/120215/0.5-0.6 Paddock Anakie East Private 2/12/2015 Agriculture Agriculture >100 >100 GE M 63 S Qvn Greater Geelong Silty Clay 5YR 5/5 0.5 0.6
BH191 BH191/160215/0.0-0.1 Brisbane Ranges Parks 16/02/2015 Parkland Parkland >100 >100 MO M 345 N Tpb Greater Geelong Sand 7.5YR 3/2 0 0.1
BH191 BH191/160215/0.3-0.5 Brisbane Ranges Parks 16/02/2015 Parkland Parkland >100 >100 MO M 345 N Tpb Greater Geelong Silty Clay 10YR 7/4 0.3 0.5
BH192 BH192/160215/0.0-0.1 Brisbane Ranges Parks 16/02/2015 Parkland Parkland >100 >100 GE U 358 N Tpb Greater Geelong Sand 2.5YR 5/4 0.02 0.1
BH192 BH192/160215/0.3-0.6 Brisbane Ranges Parks 16/02/2015 Parkland Parkland >100 >100 GE U 358 N Tpb Greater Geelong sandy clay loam 10YR 5/6 0.3 0.6
BH193 BH193/160215/0.0-0.1 Brisbane Ranges Parks 16/02/2015 Parkland Parkland >200 >200 GE U 353 SE Tpb Greater Geelong sandy loam 10YR 2/1 0 0.1
BH193 BH193/160215/0.4-0.6 Brisbane Ranges Parks 16/02/2015 Parkland Parkland >200 >200 GE U 353 SE Tpb Greater Geelong sand 10YR 5/6 0.4 0.6
BH194 BH194/160215/0.0-0.1 Brisbane Ranges Parks 16/02/2015 Parkland Parkland >100 >100 GE U 377 SE Tpb Greater Geelong Sand 2.5YR 4/6 0 0.1
BH194 BH194/160215/0.3-0.6 Brisbane Ranges Parks 16/02/2015 Parkland Parkland >100 >100 GE U 377 SE Tpb Greater Geelong sand 2.5YR 4/6 0.3 0.6
BH195 BH195/160215/0.0-0.1 De Motts Rd Anakie Council 16/02/2015 Agriculture Parkland >50 >50 LE F 161 S Qvn Greater Geelong silty clay loam 10YR 3/2 0 0.3
BH195 BH195/160215/0.3-0.4 De Motts Rd Anakie Council 16/02/2015 Agriculture Parkland >50 >50 LE F 161 S Qvn Greater Geelong silty clay loam 10YR 4/2 0.3 0.4
BH196 BH196/160215/0.0-0.1 Church Lane Anakie Council 16/02/2015 Parkland Parkland >50 >50 GE U 155 W Qvn Greater Geelong silty loam 7.5YR 3/2 0 0.1
BH196 BH196/160215/0.3-0.5 Church Lane Anakie Council 16/02/2015 Parkland Parkland >50 >50 GE U 155 W Qvn Greater Geelong Silty Clay 10Yr 4/2 0.3 0.5
BH197 BH197/160215/0.0-0.1 Anakie west, reserve Council 16/02/2015 Parkland Parkland >100 >100 GE M 170 W Tpb Greater Geelong sand 7.5YR 3/1 0 0.15
BH197 BH197/160215/0.45-0.6 Anakie west, reserve Council 16/02/2015 Parkland Parkland >100 >100 GE M 170 W Tpb Greater Geelong Silty Clay 10YR 4/4 0.45 0.6
BH198 BH198/160215/0.0-0.1 Mt Duneed Rd Council 16/02/2015 Parkland Parkland >50 >25 MO M 218 S Tpb Greater Geelong Sand 10YR 4/1 0 0.1
BH198 BH198/160215/0.35-0.6 Mt Duneed Rd Council 16/02/2015 Parkland Parkland >50 >25 MO M 218 S Tpb Greater Geelong Sand 10YR 5/3 0.3 0.6
BH199 BH199/160215/0.0-0.1 Stewarts Rd bushland reserve Council 16/02/2015 Parkland Parkland >100 >50 LE F 35 N Qvn Greater Geelong Silty Clay 10YR 2/2 0 0.1
BH199 BH199/160215/0.35-0.6 Stewarts Rd bushland reserve Council 16/02/2015 Parkland Parkland >100 >50 LE F 35 N Qvn Greater Geelong Medium Clay 10YR 4/3 0.35 0.6
BH200 BH200/170215/0.0-0.1 Breamlea reserve Parks 17/02/2015 Parkland Parkland >100 >100 LE F 0 E Qvn Greater Geelong Silty Clay 10YR 2/1 0 0.1
BH200 BH200/170215/0.5-0.6 Breamlea reserve Parks 17/02/2015 Parkland Parkland >100 >100 LE F 0 E Qvn Greater Geelong Light Clay 10YR 5/2 0.5 0.6
BH201 BH201/170215/0.0-0.1 Wisby Ct, residential garden Private 17/02/2015 Agriculture Agriculture >50 >100 GE M 74 E Tpb Greater Geelong Silty Loam 10YR 2/2 0 0.1
BH201 BH201/170215/0.3-0.6 Wisby Ct, residential garden Private 17/02/2015 Agriculture Agriculture >50 >100 GE M 74 E Tpb Greater Geelong Sandy Loam 10YR 2/2 0.3 0.6
BH202 BH202/230215/0.0-0.1 Beveridge Bushland reserve Parks 23/02/2015 Agriculture Parkland >100 >50 GE M 270 W Qvn Mitchell Silty Clay 2.5YR 2.5/1 0 0.1
BH202 BH202/230215/0.3-0.35 Beveridge Bushland reserve Parks 23/02/2015 Agriculture Parkland >100 >50 GE M 270 W Qvn Mitchell Light Clay 2.5YR 2.5/1 0.3 0.35
BH203 BH203/170215/0.0-0.1 Drysdale nature reserve Parks 17/02/2015 Agriculture Parkland >50 >25 GE l 74 E Tpb Greater Geelong Silty Loam 10YR 2/2 0 0.1
BH203 BH203/170215/0.5-0.6 Drysdale nature reserve Parks 17/02/2015 Agriculture Parkland >50 >25 GE l 74 E Tpb Greater Geelong Light Clay 10YR 3/2 0.5 0.6
BH204 BH204/170215/0.0-0.1 Jetty Rd Port Arlington Council 17/02/2014 Agriculture Parkland >100 >100 GE U 16 N Tpb Greater Geelong Sand 10YR 3/1 0 0.1
BH204 BH204/170215/0.5-0.6 Jetty Rd Port Arlington Council 17/02/2014 Agriculture Parkland >100 >100 GE U 16 N Tpb Greater Geelong Sandy Clay 10YR 4/2 0.5 0.6
BH205 BH205/170215/0.0-0.1 Clifton Springs water way reserve Council 17/02/2015 Agriculture Agriculture >50 >100 GE U 40 W Tpb Greater Geelong Sandy Loam 10YR 2/1 0 0.1
BH205 BH205/170215/0.5-0.6 Clifton Springs water way reserve Council 17/02/2015 Agriculture Agriculture >50 >100 GE U 40 W Tpb Greater Geelong Silty Clay 10YR 2/1 0.5 0.6
BH206 BH206/170215/0.0-0.1 Clifton Springs water way reserve Council 17/02/2015 Agriculture Parkland >25 >50 GE U 27 SW Tpb Greater Geelong Sand 10YR 4/1 0 0.1
BH206 BH206/170215/0.5-0.6 Clifton Springs water way reserve Council 17/02/2015 Agriculture Parkland >25 >50 GE U 27 SW Tpb Greater Geelong Sand 10YR 4/2 0.5 0.6
BH207 BH207/170215/0.0-0.1 paddocks adjacent winery, Wallington Private 17/02/2015 Agriculture Agriculture >100 >100 LE F 62 S Tpb Greater Geelong Sandy Loam 7.5YR 3/2 0 0.1
BH207 BH207/170215/0.4-0.6 paddocks adjacent winery, Wallington Private 17/02/2015 Agriculture Agriculture >100 >100 LE F 62 S Tpb Greater Geelong Medium Clay 7.5YR 5/6 0.4 0.6
BH208 BH208/170215/0.0-0.1 paddocks adjacent winery, Wallington Private 17/02/2015 Agriculture Agriculture >100 >100 LE F 66 SW Tpb Greater Geelong silty clay loam 10YR 4/2 0 0.1
BH208 BH208/170215/0.3-0.6 paddocks adjacent winery, Wallington Private 17/02/2015 Agriculture Agriculture >100 >100 LE F 66 SW Tpb Greater Geelong Light Clay 7.5YR 5/6 0.3 0.6
BH209 BH209/170215/0.0-0.1 paddocks adjacent winery, Wallington Private 17/02/2015 Agriculture Agriculture >100 >100 LE F 65 N Tpb Greater Geelong Sandy Loam 10YR 2/2 0 0.1
BH209 BH209/170215/0.4-0.6 paddocks adjacent winery, Wallington Private 17/02/2015 Agriculture Agriculture >100 >100 LE F 65 N Tpb Greater Geelong Light Clay 10YR 5/8 0.4 0.6
BH210 BH210/170215/0.0-0.1 Wallington Reserve Council 17/02/2015 Agriculture Parkland >100 >100 MO U 47 E Tpb Greater Geelong Sand 10YR 3/2 0 0.1
BH210 BH210/170215/0.3-0.6 Wallington Reserve Council 17/02/2015 Agriculture Parkland >100 >100 MO U 47 E Tpb Greater Geelong Sandy Clay 2.5YR 4/3 0.3 0.6
BH211 BH211/180215/0.0-0.1 Paddock, Armstrong Creek Private 18/02/2015 Agriculture Agriculture >50 >100 LE F 5 N Qvn Greater Geelong Silty Loam 10YR 3/2 0 0.1
BH211 BH211/180215/0.3-0.5 Paddock, Armstrong Creek Private 18/02/2015 Agriculture Agriculture >50 >100 LE F 5 N Qvn Greater Geelong Silty Clay 10YR 4/2 0.3 0.5
BH212 BH212/180215/0.0-0.1 Lake Connewarre Parks 18/02/2015 Agriculture Parkland >100 >100 LE F 2 N Qvn Greater Geelong Light Clay 5YR 2.5/1 0 0.1
BH212 BH212/180215/0.4-0.6 Lake Connewarre Parks 18/02/2015 Agriculture Parkland >100 >100 LE F 2 N Qvn Greater Geelong medium Clay 2.5yr 6/3 0.4 0.6
BH213 BH213/180215/0.0-0.1 Lake Connewarre Parks 18/02/2015 Parkland Parkland >250 >250 LE F 4 S Qvn Greater Geelong Silty Clay 10YR 3/2 0 0.1
BH213 BH213/180215/0.5-0.6 Lake Connewarre Parks 18/02/2015 Parkland Parkland >250 >250 LE F 4 S Qvn Greater Geelong Medium clay 2.5YR 4/2 0.5 0.6
BH214 BH214/180215/0.0-0.1 Parks Council 18/02/2015 Agriculture Parkland >100 >100 MO U 4 N Qvn Greater Geelong Silty Loam 10YR 3/2 0 0.25
BH214 BH214/180215/0.45-0.5 Parks Council 18/02/2015 Agriculture Parkland >100 >100 MO U 4 N Qvn Greater Geelong silty Clay 10YR 3/2 0.45 0.5
BH215 BH215/180215/0.0-0.1 Rail trail Private 18/02/2015 Agriculture Agriculture >100 >100 GE M 26 NE Tpb Greater Geelong Sandy Loam 10YR 3/1 0 0.1
BH215 BH215/180215/0.35-0.6 Rail trail Private 18/02/2015 Agriculture Agriculture >100 >100 GE M 26 NE Tpb Greater Geelong Sand 10YR 5/1 0.35 0.6
BH216 BH216/180215/0.0-0.1 Rail trail Private 18/02/2015 Agriculture Agriculture >100 >100 GE L 22 E Tpb Greater Geelong Sandy Loam 10YR 3/1 0 0
BH216 BH216/180215/0.45-0.6 Rail trail Private 18/02/2015 Agriculture Agriculture >100 >100 GE L 22 E Tpb Greater Geelong Sand 10YR 3/2 0.45 0.6
BH217 BH217/180215/0.0-0.1 Edsall Reserve Wallington Council 18/02/2015 Agriculture Parkland >75 >100 ST U 26 E Tpb Greater Geelong Sandy Loam 10YR 2/2 0 0.1
BH217 BH217/180215/0.4-0.6 Edsall Reserve Wallington Council 18/02/2015 Agriculture Parkland >75 >100 ST U 26 E Tpb Greater Geelong Silty Clay 10YR 4/6 0.4 0.6
BH218 BH218/190215/0.0-0.1 Korroit Creek Streamside reserve Council 19/02/2015 Agriculture Parkland >100 >50 GE U 170 E Qvn Melton Loam 5YR 4/3 0 0.1
BH218 BH218/190215/0.3-0.5 Korroit Creek Streamside reserve Council 19/02/2015 Agriculture Parkland >100 >50 GE U 170 E Qvn Melton Silty Clay 7.5YR 4/6 0.3 0.5
BH219 BH219/190215/0.0-0.1 Streamside Reserve Melton Council 19/02/2015 Agriculture Parkland >100 >100 LE F 114 SW Qvn Melton Silty Clay 5YR 3/2 0 0.1
BH219 BH219/190215/0.35-0.6 Streamside Reserve Melton Council 19/02/2015 Agriculture Parkland >100 >100 LE F 114 SW Qvn Melton Light Clay 5YR 3/2 0.35 0.6
BH220 BH220/190215/0.0-0.1 Caroline Springs Reserve Council 19/02/2015 Agriculture Parkland >50 >75 GE U 88 N Qvn Melton Silty Loam 5YR 3/4 0 0.1
BH220 BH220/190215/0.3-0.6 Caroline Springs Reserve Council 19/02/2015 Agriculture Parkland >50 >75 GE U 88 N Qvn Melton Silty Clay 2.5Yr 2.5/4 0.3 0.6
BH221 BH221/190215/0.0-0.1 Troops Rd, Melton Council 19/02/2015 Agriculture Agriculture >100 >100 GE M 107 E Qvn Melton Silty Loam 7.5YR 4/2 0 0.1
BH221 BH221/190215/0.4-0.6 Troops Rd, Melton Council 19/02/2015 Agriculture Agriculture >100 >100 GE M 107 E Qvn Melton Silty Clay 7.5YR 4/2 0.4 0.6
BH222 BH222/190215/0.0-0.1 Cobbledick Reserve Council 19/02/2015 Parkland Parkland >100 >100 GE U 72 S Qvn Wyndham silty Clay 7.5YR 3/2 0 0.1
BH222 BH222/190215/0.5-0.6 Cobbledick Reserve Council 19/02/2015 Parkland Parkland >100 >100 GE U 72 S Qvn Wyndham Light Clay 2.5YR 6/3 0.5 0.6
BH223 BH223/230215/0.0-0.1  Kelly St, residential yard Council 23/02/2015 Agriculture Agriculture >25 >25 LE F 280 N Qvn Mitchell silty clay 10YR 3/1 0 0.1
BH223 BH223/230215/0.35-0.6  Kelly St, residential yard Council 23/02/2015 Agriculture Agriculture >25 >25 LE F 280 N Qvn Mitchell Light Clay 10YR 3/1 0.35 0.6
BH224 BH224/230215/0.0-0.1  Kelly St, residential yard Council 23/02/2015 Agriculture Agriculture >40 >100 LE F 280 N Qvn Mitchell Silty Clay 10YR 3/2 0 0.1
BH224 BH224/230215/0.3-0.6  Kelly St, residential yard Council 23/02/2015 Agriculture Agriculture >40 >100 LE F 280 N Qvn Mitchell Silty Clay 10YR 4/1 0.3 0.6
BH225 BH225/240215/0.0-0.1 Little River Reserve Council 24/02/2015 Agriculture Agriculture >100 >100 LE F 37 Qvn Wyndham Medium Clay 7.5YR 3/2 0 0.1
BH225 BH225/240215/0.45-0.6 Little River Reserve Council 24/02/2015 Agriculture Agriculture >100 >100 LE F 37 Qvn Wyndham Medium Clay 7.5YR 4/2 0.45 0.6
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BH226 BH226/240215/0.0-0.1 Little River Reserve Council 24/02/2015 Agriculture Agriculture >100 >100 LE F 30 Qvn Wyndham Ligh Clay 10YR 3/1 0 0.1
BH226 BH226/240215/0.3-0.6 Little River Reserve Council 24/02/2015 Agriculture Agriculture >100 >100 LE F 30 Qvn Wyndham Light Clay 10YR 5/2 0.3 0.6
BH227 BH227/240215/0.0-0.1 Oceangrove reserve Parks 24/02/2015 Parkland Parkland >100 >100 GE M 60 S Tpb Greater Geelong Sandy Loam 10YR 3/2 0 0.1
BH227 BH227/240215/0.3-0.6 Oceangrove reserve Parks 24/02/2015 Parkland Parkland >100 >100 GE M 60 S Tpb Greater Geelong Medium Clay 10YR 5/6 0.3 0.6
BH228 BH228/240215/0.0-0.1 Oceangrove reserve Parks 24/02/2015 Parkland Parkland >100 >100 GE M 39 S Tpb Greater Geelong Sandy Loam 7.5YR 3/2 0 0.1
BH228 BH228/240215/0.4-0.6 Oceangrove reserve Parks 24/02/2015 Parkland Parkland >100 >100 GE M 39 S Tpb Greater Geelong Medium Clay 10YR 4/3 0.4 0.6
BH229 BH229/240215/0.0-0.1 Oceangrove reserve Parks 24/02/2015 Parkland Parkland >100 >100 LE F 45 Tpb Greater Geelong Sandy Loam 10YR 2/2 0 0.1
BH229 BH229/240215/0.3-0.6 Oceangrove reserve Parks 24/02/2015 Parkland Parkland >100 >100 LE F 45 Tpb Greater Geelong Light Clay 10YR 5/8 0.3 0.6
BH230 BH230/100315/0.0-0.1 Paddocks, Broadford Private 10/03/2015 Agriculture Agriculture >100 >100 ST M 245 SE Qvn Mitchell Silty Clay 7.5YR 3/1 0 0.1
BH230 BH230/100315/0.35-0.6 Paddocks, Broadford Private 10/03/2015 Agriculture Agriculture >100 >100 ST M 245 SE Qvn Mitchell Medium Clay 7.5YR 4/3 0.35 0.6
BH231 BH231/100315/0.0-0.1 Paddocks, Broadford Private 10/03/2015 Agriculture Agriculture >100 >100 ST U 274 S Qvn Mitchell silty clay loam 7.5YR 3/1 0 0.1
BH231 BH231/100315/0.3-0.6 Paddocks, Broadford Private 10/03/2015 Agriculture Agriculture >100 >100 ST U 274 S Qvn Mitchell medium clay 7.5YR 4/1 0.3 0.6
BH232 BH232/100315/0.0-0.1 Mandalay Beveridge Private 10/03/2015 Agriculture Agriculture >100 >100 LE F 258 Qvn Mitchell silty clay 7.5YR 4/2 0 0.1
BH232 BH232/100315/0.3-0.6 Mandalay Beveridge Private 10/03/2015 Agriculture Agriculture >100 >100 LE F 258 Qvn Mitchell heavy clay 7.5YR 4/1 0.3 0.6
BH233 BH233/100315/0.0-0.1 Mandalay Beveridge Private 10/03/2015 Agriculture Agriculture >100 >100 VG L 261 S Qvn Mitchell silty clay 7.5YR 3/2 0 0.1
BH233 BH233/100315/0.3-0.6 Mandalay Beveridge Private 10/03/2015 Agriculture Agriculture >100 >100 VG L 261 S Qvn Mitchell Medium Clay 7.5YR 4/2 0.3 0.6
BH234 BH234/100315/0.0-0.1 Mandalay Beveridge Private 10/03/2015 Agriculture Agriculture >100 >100 LE F 261 W Qvn Mitchell Light Clay 7.5YR 4/1 0 0.1
BH234 BH234/100315/0.3-0.6 Mandalay Beveridge Private 10/03/2015 Agriculture Agriculture >100 >100 LE F 261 W Qvn Mitchell Medium Clay 7.5YR 5/2 0.3 0.6
BH235 BH235/100315/0.0-0.1 Mandalay Beveridge Private 10/03/2015 Agriculture Agriculture >100 >100 GE U 272 SW Qvn Mitchell Silty Clay 7.5YR 3/2 0 0.1
BH235 BH235/100315/0.3-0.6 Mandalay Beveridge Private 10/03/2015 Agriculture Agriculture >100 >100 GE U 272 SW Qvn Mitchell Silty Clay 7.5YR 4/2 0.4 0.6
BH236 BH236/130715/0.4-0.6 Burrembeet Creek Council 13/07/2015 Agriculture Parkland >100 >25 GE M 10 NE Qvn Ballarat Silty Clay 7.5YR 4/2 0 0.1
BH236 BH236/130715/0-0.1 Burrembeet Creek Council 13/07/2015 Agriculture Parkland >100 >25 GE M 10 NE Qvn Ballarat Medium Clay 0.4 0.6
BH237 BH237/050615/0.0-0.1 Palmer Rd, Sunbury Private 5/06/2015 Agriculture Agriculture >50 >100 VS M 321 S Qvn Hume Silty Clay Loam 10YR 3/1 0 0.1
BH237 BH237/050615/0.3-0.6 Palmer Rd, Sunbury Private 5/06/2015 Agriculture Agriculture >50 >100 VS M 321 S Qvn Hume Silty Clay Loam 10YR 3/2 0.3 0.6
BH238 BH238/050615/0.0-0.1 Palmer Rd, Sunbury Private 5/06/2015 Agriculture Agriculture >100 >100 LE F 342 N Qvn Hume Silty Clay 10YR 3/1 0 0.1
BH238 BH238/050615/0.3-0.45 Palmer Rd, Sunbury Private 5/06/2015 Agriculture Agriculture >100 >100 LE F 342 N Qvn Hume Medium Clay 10YR 3/1 0.3 0.45
BH239 BH239/050615/0.0-0.1 Palmer Rd, Sunbury Private 5/06/2015 Agriculture Agriculture >100 >100 LE F 331 S Qvn Hume Silty Clay 10YR 3/1 0 0.1
BH239 BH239/050615/0.3-0.6 Palmer Rd, Sunbury Private 5/06/2015 Agriculture Agriculture >100 >100 LE F 331 S Qvn Hume Silty Clay Loam 10YR 3/1 0.3 0.6
BH240 BH240/050615/0.0-0.1 Eynesbury Grey Box Forest Private 5/06/2015 Agriculture Parkland >100 >100 LE F 91 W Qvn Melton Silty Loam 7.5YR 3/2 0 0.1
BH240 BH240/050615/0.4-0.55 Eynesbury Grey Box Forest Private 5/06/2015 Agriculture Parkland >100 >100 LE F 91 W Qvn Melton Medium Clay 7.5 4/4 0.55 0.6
BH241 BH241/050615/0.0-0.1 Eynesbury Grey Box Forest Private 5/06/2015 Agriculture Parkland >100 >100 GE U 100 SW Qvn Melton Silty Clay Loam 5YR 3/3 0 0.1
BH241 BH241/050615/0.46-0.6 Eynesbury Grey Box Forest Private 5/06/2015 Agriculture Parkland >100 >100 GE U 100 SW Qvn Melton Medium Clay 7.5YR 5/4 0.46 0.6
BH242 BH242/050615/0.0-0.1 Eynesbury Grey Box Forest Private 5/06/2015 Agriculture Agriculture >100 >100 MO M 98 E Qvn Melton Silty Loam 7.5YR 3/3 0 0.1
BH242 BH242/050615/0.45-0.6 Eynesbury Grey Box Forest Private 5/06/2015 Agriculture Agriculture >100 >100 MO M 98 E Qvn Melton Ligh tClay 7.5YR 6/4 0.45 0.65
BH243 BH243/130715/0-0.1 Lake Burrembeet Council 13/07/2015 Agriculture Parkland >100 >25 GE M 382 E Qvn Ballarat Silty Clay 10YR4/1 0 0.1
BH243 BH243/130715/0.3-0.6 Lake Burrembeet Council 13/07/2015 Agriculture Parkland >100 >25 GE M 382 E Qvn Ballarat Medium Clay 10Yr 6/3 0.3 0.6
BH244 BH244/130715/0-0.1 Lake Burrembeet Council 13/07/2015 Parkland Parkland >250 >25 LE F 384 N Qvn Ballarat Silty Clay 10YR 3/2 0 0.1
BH244 BH244/130715/0.5-0.6 Lake Burrembeet Council 13/07/2015 Parkland Parkland >250 >25 LE F 384 N Qvn Ballarat Silty Clay 10Yr 2/2 0.5 0.6
BH245 BH245/130715/0-0.1 Lake Learmonth, Paddock Council 13/07/2015 Agriculture Agriculture >50 >25 MO M 421 N Qvn Ballarat Silty Clay 10Yr 2/2 0 0.1
BH245 BH245/130715/0.45-0.6 Lake Learmonth, Paddock Council 13/07/2015 Agriculture Agriculture >50 >25 MO M 421 N Qvn Ballarat Medium Clay 10YR 3/2 0.45 0.6
BH246 BH246/130715/0-0.1 Learmonth Oval Council 13/07/2015 Agriculture Parkland >50 >50 LE F 415 Qvn Ballarat Silty Loam 7.5Yr 2.5/3 0 0.1
BH246 BH246/130715/0.35-0.5 Learmonth Oval Council 13/07/2015 Agriculture Parkland >50 >50 LE F 415 Qvn Ballarat Silty Clay 10YR 3/2 0.35 0.5
BH247 BH247/130715/0-0.1 Lake Learmonth Council 13/07/2015 Agriculture Parkland >40 >100 LE F 413 SW Qvn Ballarat Silty Clay 10YR 4/1 0 0.1
BH247 BH247/130715/0.4-0.6 Lake Learmonth Council 13/07/2015 Agriculture Parkland >40 >100 LE F 413 SW Qvn Ballarat Medium Clay 10YR 6/2 0.4 0.6
BH248 BH248/140715/0-0.1 Blowhard open-space Council 14/07/2015 Agriculture Parkland >50 >50 LE F 412 N Qvn Ballarat Silty Clay 5YR 4/3 0 0.1
BH248 BH248/140715/0.3-0.6 Blowhard open-space Council 14/07/2015 Agriculture Parkland >50 >50 LE F 412 N Qvn Ballarat Light Clay 5YR 4/3 0.3 0.6
BH249 BH249/140715/0-0.1 Ascott Hall Road Council 14/07/2015 Agriculture Parkland >30 >50 LE F 407 SW Qvn Ballarat Silty Clay 5YR 3/4 0 0.1
BH249 BH249/140715/0.35-0.6 Ascott Hall Road Council 14/07/2015 Agriculture Parkland >30 >50 LE F 407 SW Qvn Ballarat Silty Clay 2.5YR 2.5/4 0.35 0.6
BH250 BH250/140715/0-0.1 Tourello Reserve Council 14/07/2015 Parkland Parkland >100 >50 GE M 381 E Qvn Ballarat Silty Clay 5YR 4/4 0 0.1
BH250 BH250/140715/0.4-0.6 Tourello Reserve Council 14/07/2015 Parkland Parkland >100 >50 GE M 381 E Qvn Ballarat Light Clay 5YR 4/4 0.4 0.6
BH251 BH251/140715/0-0.1 Tourelo Grassland Reserve Parks 14/07/2015 Agriculture Parkland >100 >100 GE U 368 SE Qvn Ballarat Silty Clay 10YR 4/3 0 0.1
BH251 BH251/140715/0.4-0.6 Tourelo Grassland Reserve Parks 14/07/2015 Agriculture Parkland >100 >100 GE U 368 SE Qvn Ballarat Medum Clay 10YR 6/3 0.4 0.6
BH252 BH252/140715/0-0.1 Darling Forest Racecourse Council 14/07/2015 Agriculture Agriculture >100 >50 ST M 461 SW Qvn Ballarat Silty Loam 5YR 3/2 0 0.1
BH252 BH252/140715/0.4-0.6 Darling Forest Racecourse Council 14/07/2015 Agriculture Agriculture >100 >50 ST M 461 SW Qvn Ballarat Medum Clay 5yr 4/3 0.4 0.6
BH253 BH253/140715/0-0.1 Miners Rest wetland Council 14/07/2015 Agriculture Parkland >100 >50 LE F 431 S Qvn Ballarat Clayey Silt 7.5YR 4/2 0 0.1
BH253 BH253/140715/0.5-0.6 Miners Rest wetland Council 14/07/2015 Agriculture Parkland >100 >50 LE F 431 S Qvn Ballarat Clayey Silt 7.5YR 4/4 0.5 0.6
BH254 BH254/140715/0-0.1 Miners Rest wetland Council 14/07/2015 Agriculture Parkland >50 >50 LE F 431 N Qvn Ballarat Silty Clay 2.5YR 5/2 0 0.1
BH254 BH254/140715/0.4-0.6 Miners Rest wetland Council 14/07/2015 Agriculture Parkland >50 >50 LE F 431 N Qvn Ballarat Light Clay 2.5YR 6/3 0.4 0.6
BH255 BH255/140715/0-0.1 Miners Rest Council 14/07/2015 Agriculture Parkland >50 >25 GE M 423 S Qvn Ballarat Silty Loam 7.5YR 4/3 0 0.1
BH255 BH255/140715/0.3-0.5 Miners Rest Council 14/07/2015 Agriculture Parkland >50 >25 GE M 423 S Qvn Ballarat Silty Clay 2.5YR 4/3 0.3 0.5
BH256 BH256/150715/0-0.1 Victoria Park Council 15/07/2015 Parkland Parkland >100 >50 LE F 421 SW Qvn Ballarat Silty Clay 10Yr 4/2 0 0.1
BH256 BH256/150715/0.3-0.6 Victoria Park Council 15/07/2015 Parkland Parkland >100 >50 LE F 421 SW Qvn Ballarat Medium Clay 10Yr 5/4 0.3 0.6
BH257 BH257/150715/0-0.1 Victoria Park Council 15/07/2015 Parkland Parkland >100 >25 LE F 449 SE Qvn Ballarat Silty Clay Loam 10Yr 3/1 0 0.1
BH257 BH257/150715/0.35-0.6 Victoria Park Council 15/07/2015 Parkland Parkland >100 >25 LE F 449 SE Qvn Ballarat Silty Clay 10YR 6/3 0.35 0.6
BH258 BH258/150715/0-0.1 Wensledale Drive Reserve Council 15/07/2015 Agriculture Parkland >50 >50 LE F 442 N Qvn Ballarat Silty Clay 10YR 4/4 0 0.1
BH258 BH258/150715/0.35-0.6 Wensledale Drive Reserve Council 15/07/2015 Agriculture Parkland >50 >50 LE F 442 N Qvn Ballarat Light Clay 10Yr 4/4 0.35 0.6
BH259 BH259/150715/0-0.1 Alfredton Drive Council 15/07/2015 Agriculture Agriculture >15 >50 LE F 440 E Qvn Ballarat Silty Clay 7.5YR 4/2 0 0.1
BH259 BH259/150715/0.4-0.6 Alfredton Drive Council 15/07/2015 Agriculture Agriculture >15 >50 LE F 440 E Qvn Ballarat Light Clay 10YR 4/4 0.4 0.6
BH260 BH260/150715/0-0.1 Cutherberts Rd Reserve Council 15/07/2015 Agriculture Parkland >50 >50 LE F 447 N Qvn Ballarat Silty Clay 10YR 4/2 0 0.1
BH260 BH260/150715/0.45-0.6 Cutherberts Rd Reserve Council 15/07/2015 Agriculture Parkland >50 >50 LE F 447 N Qvn Ballarat Light Lcay 10YR 6/6 0.45 0.6
BH261 BH261/150715/0-0.1 Flax Mill Swamp Reserve Council 15/07/2015 Agriculture Parkland >100 >50 LE F 449 Qvn Ballarat Clayey Silt 10Yr 4/2 0 0.1
BH261 BH261/150715/0.4-0.6 Flax Mill Swamp Reserve Council 15/07/2015 Agriculture Parkland >100 >50 LE F 449 Qvn Ballarat Light Clay 2.5YR 5/4 0.4 0.6
BH262 BH262/150715/0-0.1 Winter Swamp Council 15/07/2015 Agriculture Parkland >100 >100 GE U 456 N Qvn Ballarat Light Clay 7.5YR 4/2 0 0.1
BH262 BH262/150715/0.4-0.6 Winter Swamp Council 15/07/2015 Agriculture Parkland >100 >100 GE U 456 N Qvn Ballarat Medium Clay 10YR 4/4 0.4 0.6
BH263 BH263/150715/0-0.1 Glena Rd Council 15/07/2015 Agriculture Parkland >100 >100 LE F 442 S Qvn Ballarat Silty Clay 10YR 4/2 0 0.1
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BH263 BH263/150715/0.3-0.6 Glena Rd Council 15/07/2015 Agriculture Parkland >100 >100 LE F 442 S Qvn Ballarat Medium Clay 10YR 5/3 0.3 0.6
BH264 BH264/150715/0-0.1 Ballarat Polo fields Council 15/07/2015 Agriculture Agriculture >250 >30 LE F 438 N Qvn Ballarat Silty Loam 7.5YR 3/2 0 0.1
BH264 BH264/150715/0.35-0.6 Ballarat Polo fields Council 15/07/2015 Agriculture Agriculture >250 >30 LE F 438 N Qvn Ballarat Medium Clay 10YR 5/4 0.35 0.6
BH265 BH265/150715/0-0.1 Sunraysia Heights park Council 15/07/2015 Agriculture Parkland >100 >25 GE M 441 N Qvn Ballarat Silty Loam 10YR 4/2 0 0.1
BH265 BH265/150715/0.35-0.6 Sunraysia Heights park Council 15/07/2015 Agriculture Parkland >100 >25 GE M 441 N Qvn Ballarat Light CLay 10YR 3/3 0.35 0.6
BH266 BH266/160715/0-0.1 Gong Gong Reservoir- near quarry Council 16/07/2015 Agriculture Parkland >50 >50 GE U 434 NE Qvn Ballarat Silty Clay Loam 5YR 3/3 0 0.1
BH266 BH266/160715/0.5-0.6 Gong Gong Reservoir- near quarry Council 16/07/2015 Agriculture Parkland >50 >50 GE U 434 NE Qvn Ballarat Light CLay 5YR 4/4 0.5 0.6
BH267 BH267/160715/0-0.1 Kirks Reservoir Pine Plantation Council 16/07/2015 Agriculture Agriculture >100 >100 LE F 490 S Qvn Ballarat Silty Clay 10YR 4/3 0 0.1
BH267 BH267/160715/0.45-0.6 Kirks Reservoir Pine Plantation Council 16/07/2015 Agriculture Agriculture >100 >100 LE F 490 S Qvn Ballarat Silty Clay 10YR 5/3 0.45 0.6
BH268 BH268/160715/0-0.1 Warrenheip Hall Council 16/07/2015 Agriculture Agriculture >70 >50 GE M 534 N Qvn Ballarat Silty Clay 10YR 5/2 0 0.1
BH268 BH268/160715/0.45-0.6 Warrenheip Hall Council 16/07/2015 Agriculture Agriculture >70 >50 GE M 534 N Qvn Ballarat Medium Clay 10Yr5/4 0.45 0.6
BH269 BH269/160715/0-0.1 Pioneer Park Council 16/07/2015 Parkland Parkland >100 >100 LE F 448 N Qvn Ballarat Silty Clay 10YR 4/2 0 0.1
BH269 BH269/160715/0.45-0.6 Pioneer Park Council 16/07/2015 Parkland Parkland >100 >100 LE F 448 N Qvn Ballarat Light Clay 10YR 5/3 0.45 0.6
BH270 BH270/160715/0-0.1 Crown Rd Council 16/07/2015 Agriculture Parkland >100 >100 LE F 448 s Qvn Ballarat Silty Clay 10YR 4/2 0 0.1
BH270 BH270/160715/0.5-0.6 Crown Rd Council 16/07/2015 Agriculture Parkland >100 >100 LE F 448 s Qvn Ballarat Light Clay 2.5YR 6/4 0.5 0.6
BH271 BH271/160715/0-0.1 Morgans Rd Council 16/07/2015 Agriculture Parkland >50 >50 LE F 423 SW Qvn Ballarat Silty Clay 10YR 4/2 0 0.1
BH271 BH271/160715/0.35-0.6 Morgans Rd Council 16/07/2015 Agriculture Parkland >50 >50 LE F 423 SW Qvn Ballarat Medium Clay 10YR 5/4 0.35 0.6
BH272 BH272/160715/0-0.1 Birdwood Park  Reserve Council 16/07/2015 Agriculture Parkland >100 >100 VS M 423 N Qvn Ballarat Silty Clay Loam 5YR 3/2 0 0.1
BH272 BH272/160715/0.3-0.55 Birdwood Park  Reserve Council 16/07/2015 Agriculture Parkland >100 >100 VS M 580 N Qvn Ballarat Silty Clay 5YR 3/3 0.3 0.55
BH273 BH273/160715/0-0.1 Mt Buninyong Council 16/07/2015 Agriculture Parkland >100 >50 VS M 580 N Qvn Ballarat Silty Clay 7.5Yr 2.5/3 0 0.1
BH273 BH273/160715/0.3-0.6 Mt Buninyong Council 16/07/2015 Agriculture Parkland >100 >50 VS M 580 N Qvn Ballarat Light Clay 5YR 3/3 0.3 0.55
BH274 BH274/160715/0-0.1 Blowhard Primary School Council 16/07/2015 Agriculture Parkland >75 >50 LE F 575 S Qvn Ballarat Silty Clay 7.5Yr 3/4 0 0.1
BH274 BH274/160715/0.45-0.6 Blowhard Primary School Council 16/07/2015 Agriculture Parkland >75 >50 LE F 575 S Qvn Ballarat Silty Clay 7.5YR 4/4 0.3 0.6
BH275 BH275/170715/0-0.1 Mt Buninyong Council 17/07/2015 Parkland Parkland >100 >100 VS M 575 S Qvn Ballarat Silty Clay 5Yr 3/3 0 0.1
BH275 BH275/170715/0.4-0.6 Mt Buninyong Council 17/07/2015 Parkland Parkland >100 >100 VS M 575 S Qvn Ballarat Silty Clay 5Yr 4/3 0.4 0.6
BH276 BH276/170715/0-0.1 Mt Buninyong Council 17/07/2015 Parkland Parkland >250 >25 VS M 683 E Qvn Ballarat Silty Clay 7.5Yr 2.5/2 0 0.1
BH276 BH276/170715/0.4-0.6 Mt Buninyong Council 17/07/2015 Parkland Parkland >250 >25 VS M 683 E Qvn Ballarat Light Clay 5YR 3/3 0.4 0.6
BH277 BH277/170715/0-0.1 Bachus Marsh- Geelong Rd reserve Council 17/07/2015 Agriculture Parkland >80 >150 GE M 111 W Qvn Geelong Loam 10YR 4/3 0 0.1
BH277 BH277/170715/0.4-0.6 Bachus Marsh- Geelong Rd reserve Council 17/07/2015 Agriculture Parkland >80 >150 GE M 111 W Qvn Geelong Light CLay 7.5YR 4/4 0.4 0.6
BH278 BH278/170715/0-0.1 Kirk Bridge Council 17/07/2015 Agriculture Parkland >100 >50 GE U 74 E Qvn Geelong Light Clay 5YR 3/2 0 0.1
BH278 BH278/170715/0.3-0.45 Kirk Bridge Council 17/07/2015 Agriculture Parkland >100 >50 GE U 74 E Qvn Geelong Medium Clay 5Yr 3/2 0.3 0.45
BH279 BH279/170715/0-0.1 You Yangs Rd Reserve Council 17/07/2015 Agriculture Parkland >60 >50 GE U 36 W Qvn Geelong Silty Clay 10YR 4/4 0 0.1
BH279 BH279/170715/0.3-0.6 You Yangs Rd Reserve Council 17/07/2015 Agriculture Parkland >60 >50 GE U 36 W Qvn Geelong Silty Clay 10YR 5/4 0.4 0.6
BH280 BH280/280715/0.0-0.1 Keysborough Stormwater reserve Council 28/07/2015 Horticulture Parkland >50 >20 MO M 14 S Tpb Greater Dandenong Sandy Clay 10YR 5/4 0 0.1
BH280 BH280/280715/0.3-0.6 Keysborough Stormwater reserve Council 28/07/2015 Horticulture Parkland >50 >20 MO M 14 S Tpb Greater Dandenong Sandy Clay 5YR 5/1 0.6 0.6
BH281 BH281/280715/0.0-0.1 Keysborough Stormwater reserve Council 28/07/2015 Horticulture Parkland >40 >20 LE F 13 N Tpb Greater Dandenong Silty Sand 10YRr 3/2 0 0.1
BH281 BH281/280715/0.3-0.6 Keysborough Stormwater reserve Council 28/07/2015 Horticulture Parkland >40 >20 LE F 13 N Tpb Greater Dandenong Clayey sand 2.5Y 7/1 0.3 0.6
BH282 BH282/280715/0.0-0.1 Tatterson Park Council 28/07/2015 Agriculture Parkland >75 >50 GE U 18 E Tpb Greater Dandenong silty sand 7.5Yr 4/3 0 0.1
BH282 BH282/280715/0.4-0.6 Tatterson Park Council 28/07/2015 Agriculture Parkland >75 >50 GE U 18 E Tpb Greater Dandenong silty clay 10YR 5/2 0.4 0.6
BH283 BH283/290715/0.0-0.1 Alex wilkie nature reserve Council 29/07/2015 Parkland Parkland >50 >25 LE F 31 N Tpb Greater Dandenong Silty Sand 10YR 2/2 0 0.1
BH283 BH283/290715/0.4-0.6 Alex wilkie nature reserve Council 29/07/2015 Parkland Parkland >50 >25 LE F 31 N Tpb Greater Dandenong sand 10YR 4/4 0.4 0.6
BH284 BH284/290715/0.0-0.1 BJ Powell Reserve Council 29/07/2015 Agriculture Parkland >50 >50 GE U 70 W Tpb Greater Dandenong Sand 10YR 4/1 0 0.1
BH284 BH284/290715/0.3-0.6 BJ Powell Reserve Council 29/07/2015 Agriculture Parkland >50 >50 GE U 70 W Tpb Greater Dandenong Silty Sand 10YR 5/2 0.3 0.6
BH285 BH285/290715/0.0-0.1 BJ Powell Reserve Council 29/07/2015 Agriculture Parkland >50 >100 GE L 36 S Tpb Greater Dandenong Clayey Sand 2.5YR 5/1 0 0.1
BH285 BH285/290715/0.3-0.6 BJ Powell Reserve Council 29/07/2015 Agriculture Parkland >50 >100 GE L 36 S Tpb Greater Dandenong Clayey Sand 5YR 5/6 0.3 0.6
BH286 BH286/290715/0.0-0.1 Greaves Reserve Council 29/07/2015 Agriculture Parkland >50 >40 VG M 42 S Tpb Greater Dandenong Silty Sand 10Yr 3/2 0 0.1
BH286 BH286/290715/0.4-0.6 Greaves Reserve Council 29/07/2015 Agriculture Parkland >50 >40 VG M 42 S Tpb Greater Dandenong Sand 10Yr 6/2 0.4 0.6
BH287 BH287/290715/0.0-0.1 Glen waverly Football Oval Council 29/07/2015 Agriculture Parkland >25 >100 GE M 109 W Tpb Monash sandy loam 2.5Yr 4/1 0 0.1
BH287 BH287/290715/0.3-0.6 Glen waverly Football Oval Council 29/07/2015 Agriculture Parkland >25 >100 GE M 109 W Tpb Monash sandy clay 7.5Yr 4/3 0.3 0.6
BH288 BH288/300715/0.0-0.1 Jell rd Council 29/07/2015 Agriculture Parkland >50 >50 GE M 112 W Tpb Monash Silty Sand 10Yr 4/3 0 0.1
BH288 BH288/300715/0.3-0.6 Jell rd Council 29/07/2015 Agriculture Parkland >50 >50 GE M 112 W Tpb Monash Sandy Clay 10Yr 6/6 0.3 0.6
BH289 BH289/300715/0.0-0.1 Senior school Private 30/07/2015 Agriculture Parkland >100 >200 LE F 353 N Qvn Mitchell Silty Loam 10Yr 4/2 0 0.1
BH289 BH289/300715/0.4-0.6 Senior school Private 30/07/2015 Agriculture Parkland >100 >200 LE F 353 N Qvn Mitchell Silty Clay 10Yr 4/3 0.4 0.6
BH290 BH290/300715/0.0-0.1 Senior school Private 30/07/2015 Agriculture Agriculture >100 >100 GE L 373 E Qvn Mitchell Silty Loam 7.5Yr 5/2 0 0.1
BH290 BH290/300715/0.45-0.6 Senior school Private 30/07/2015 Agriculture Agriculture >100 >100 GE L 373 E Qvn Mitchell sandy clay 10Yr 5/4 0.45 0.6
BH291 BH291/300715/0.0-0.1 Senior school Private 30/07/2015 Agriculture Parkland >100 >100 MO M 389 S Qvn Mitchell Loam 2.5Yr 3/4 0 0.1
BH291 BH291/300715/0.3-0.6 Senior school Private 30/07/2015 Agriculture Parkland >100 >100 MO M 389 S Qvn Mitchell Silty Loam 5Yr 4/6 0.3 0.6
BH292 BH292/300715/0.0-0.1 Green St reserve Council 30/07/2015 Agriculture Agriculture >50 >100 MO U 371 W Qvn Mitchell Loam 7.5Yr 3/1 0 0.1
BH292 BH292/300715/0.3-0.6 Green St reserve Council 30/07/2015 Agriculture Agriculture >50 >100 MO U 371 W Qvn Mitchell Silty Clay 7.5Yr 4/1 0.3 0.6
BH293 BH293/300715/0.0-0.1 BJ Clancy Reserve Council 30/07/2015 Agriculture Parkland >20 >100 LE L 353 N Qvn Mitchell Loam 7.5Yr 4/3 0 0.1
BH293 BH293/300715/0.3-0.6 BJ Clancy Reserve Council 30/07/2015 Agriculture Parkland >20 >100 LE L 353 N Qvn Mitchell Silty Clay 7.5Yr 4/6 0.3 0.6
BH294 BH294/300715/0.0-0.1 Pauline Way Undeveloped land Council 30/07/2015 Agriculture Parkland >100 >50 LE L 369 N Qvn Mitchell Clayey Loam 10Yr 3/2 0 0.1
BH294 BH294/300715/0.3-0.6 Pauline Way Undeveloped land Council 30/07/2015 Agriculture Parkland >100 >50 LE L 369 N Qvn Mitchell Silty Clay 10Yr 3/2 0.3 0.6
BH295 BH295/040815/0.0-0.1 Carrum Downs Recreation Reserve Council 4/08/2015 Agriculture Parkland >100 >200 LE L 12 S Tpb Frankston Silty Sand 2.5Yr 3/2 0 0.1
BH295 BH295/040815/0.4-0.6 Carrum Downs Recreation Reserve Council 4/08/2015 Agriculture Parkland >100 >200 LE L 12 S Tpb Frankston Silty Sand 2.5Yr 4/2 0.4 0.6
BH296 BH296/040815/0.0-0.1 Robinsons reserve Council 4/08/2015 Parkland Parkland >50 >100 Le F 115 S Tpb Frankston Silty Snad 10Yr 3/1 0 0.1
BH296 BH296/040815/0.5-0.6 Robinsons reserve Council 4/08/2015 Parkland Parkland >50 >100 Le F 115 S Tpb Frankston Silty Sand 10Yr 3/4 0.5 0.6
BH297 BH297/040815/0.0-0.1 Overport Park Council 4/08/2015 Agriculture Parkland >50 >100 MO U 127 E Tpb Frankston Sandy Loam 2.5Y 2.5/1 0 0.1
BH297 BH297/040815/0.55-0.6 Overport Park Council 4/08/2015 Agriculture Parkland >50 >100 MO U 127 E Tpb Frankston Silty Sand 2.5Y 6/1 0.55 0.6
BH298 BH298/040815/0.0-0.1 Overport Park Council 4/08/2015 Agriculture Parkland >50 >100 MO M 123 E Tpb Frankston Silty Sand 7.5Yr 3/1 0 0.1
BH298 BH298/040815/0.3-0.6 Overport Park Council 4/08/2015 Agriculture Parkland >50 >100 MO M 123 E Tpb Frankston Silty Sand 5Yr 4/1 0.3 0.6
BH299 BH299/040815/0.0-0.1 Derinya reserve Council 4/08/2015 Agriculture Parkland >50 >25 GE U 99 E Tpb Frankston Silty Sand 2.5Y 2.5/1 0 0.1
BH299 BH299/040815/0.5-0.6 Derinya reserve Council 4/08/2015 Agriculture Parkland >50 >25 GE U 99 E Tpb Frankston Medium Clay 2.5Y 4/4 0.5 0.6
BH300 BH300/040815/0.0-0.1 Lorikeet reserve Council 4/08/2015 Parkland Parkland >100 >50 GE M 87 W Tpb Mornington Peninsula Silty Sand 7.5Yr 3/1 0 0.1
BH300 BH300/040815/0.35-0.6 Lorikeet reserve Council 4/08/2015 Parkland Parkland >100 >50 GE M 87 W Tpb Mornington Peninsula Silty Clay 10Yr 5/2 0.35 0.6
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BH301 BH301/040815/0.0-0.1 Clyde recreation reserve Council 4/08/2015 Agriculture Parkland >200 >100 F L 49 E Tpb Casey Silty Sand 5Yr 2.5/1 0 0.1
BH301 BH301/040815/0.4-0.6 Clyde recreation reserve Council 4/08/2015 Agriculture Parkland >200 >100 F L 49 E Tpb Casey Silty clay 10Yr 4/4 0.4 0.6
BH302 BH302/050815/0.0-0.1 Beveridge Pony Club Council 5/08/2015 Agriculture Agriculture >75 >25 MO M 283 S Qvn Mitchell Silty Clay 7.5Yr 3/1 0 0.1
BH302 BH302/050815/0.3-0.6 Beveridge Pony Club Council 5/08/2015 Agriculture Agriculture >75 >25 MO M 283 S Qvn Mitchell Medium Clay 7.5Yr 2.1/1 0.3 0.6
BH303 BH303/050815/0.0-0.1 beveridge Pony Club reserve Council 5/08/2015 Agriculture Agriculture >50 >100 LE L 280 S Qvn Mitchell Silty Clay 10Yr 3/2 0 0.1
BH303 BH303/050815/0.5-0.6 beveridge Pony Club reserve Council 5/08/2015 Agriculture Agriculture >50 >100 LE L 280 S Qvn Mitchell Silty Clay 10Yr 3/2 0.5 0.6
BH304 BH304/050815/0.0-0.1 Stewart Dr, Park Council 5/08/2015 Agriculture Parkland >20 >50 GE L 362 S Qvn Mitchell Silty Clay 5Yr 4/1 0 0.1
BH304 BH304/050815/0.3-0.6 Stewart Dr, Park Council 5/08/2015 Agriculture Parkland >20 >50 GE L 362 S Qvn Mitchell Silty Clay 7.5Yr 3/2 0 0.6
BH305 BH305/050815/0.0-0.1 Golden Crt Park Council 5/08/2015 Agriculture Parkland >20 >25 GE L 384 E Qvn Mitchell Silty Clay 7.5Yr 4/1 0 0.1
BH305 BH305/050815/0.3-0.6 Golden Crt Park Council 5/08/2015 Agriculture Parkland >20 >25 GE L 384 E Qvn Mitchell Silty Clay 10Yr 4/2 0.3 0.6
BH306 BH306/280815/0.0-0.1 Beach Rd, Beaumorris Council 28/08/2015 Parkland Parkland >50 >50 GE C 9 S Tpb Bayside sandy loam 10Yr 2/1 0 0.1
BH306 BH306/280815/0.3-0.6 Beach Rd, Beaumorris Council 28/08/2015 Parkland Parkland >50 >50 GE C 9 S Tpb Bayside Loamy Sand 10Yr 3/2 0.3 0.6
BH307 BH307/280815/0.0-0.1 Beach Rd, Beaumorris Council 28/08/2015 Parkland Parkland >50 >25 LE C 12 S Tpb Bayside Silty Sand 7.5Yr 3/3 0 0.1
BH307 BH307/280815/0.3-0.6 Beach Rd, Beaumorris Council 28/08/2015 Parkland Parkland >50 >25 LE C 12 S Tpb Bayside Silty Sand 7.5 4/3 0.3 0.6
BH308 BH308/280815/0.0-0.1 Jetty Rd Council 28/08/2015 Parkland Parkland >25 >50 LE F 15 S Tpb Bayside Silty sand 10Yr 2/1 0 0.1
BH308 BH308/280815/0.3-0.6 Jetty Rd Council 28/08/2015 Parkland Parkland >25 >50 LE F 15 S Tpb Bayside Silty Sand 10Yr 3/1 0.3 0.6
BH309 BH309/280815/0.0-0.1 Elwood park Council 28/08/2015 Agriculture Parkland >50 >25 LE F 3 N Tpb Port Phillip Sandy Loam 10Yr 3/2 0 0.1
BH309 BH309/280815/0.4-0.6 Elwood park Council 28/08/2015 Agriculture Parkland >50 >25 LE F 3 N Tpb Port Phillip Sandy Silty Clay 10Yr 4/3 0.4 0.6
BH310 BH310/280815/0.0-0.1 Guest Rd Council 28/08/2015 Agriculture Parkland >50 >50 LE F 40 E Tpb Monash Silty Sand 10Yr 3/1 0 0.1
BH310 BH310/280815/0.3-0.6 Guest Rd Council 28/08/2015 Agriculture Parkland >50 >50 LE F 40 E Tpb Monash Sand 2.5Y 5/1 0.3 0.6
BH311 BH311/290815/0.0-0.1 Perry Rd Soccer fields Private 29/08/2015 Agriculture Parkland >100 >100 LE F 5 S Tpb Greater Dandenong Silty Loam 10Yr 3/2 0 0.1
BH311 BH311/290815/0.3-0.6 Perry Rd Soccer fields Private 29/08/2015 Agriculture Parkland >100 >100 LE F 5 S Tpb Greater Dandenong Silty Clay 10Yr 3/2 0.3 0.6
BH312 BH312/290815/0.0-0.1 Donnelly Reserve Council 29/08/2015 Agriculture Parkland >50 >50 LE F 38 N Tpb Casey Sandy Loam 10Yr 3/2 0 0.1
BH312 BH312/290815/0.3-0.6 Donnelly Reserve Council 29/08/2015 Agriculture Parkland >50 >50 LE F 38 N Tpb Casey Silty Sand 10Yr 4/2 0.3 0.6
BH313 BH313/290815/0.0-0.1 Tyabb reserve, low swampy area Council 29/08/2015 Agriculture Parkland >100 >100 LE F 18 S Tpb Mornington Peninsula Silty Loam 10Yr 3/2 0 0.1
BH313 BH313/290815/0.35-0.6 Tyabb reserve, low swampy area Council 29/08/2015 Agriculture Parkland >100 >100 LE F 18 S Tpb Mornington Peninsula Silty Sand 10Yr 4/2 0.35 0.6
BH314 BH314/290815/0.0-0.1 Tyabb reserve, upper area Council 29/08/2015 Agriculture Parkland >100 >100 GE M 27 E Tpb Mornington Peninsula Sandy Loam 10Yr 3/2 0 0.1
BH314 BH314/290815/0.3-0.6 Tyabb reserve, upper area Council 29/08/2015 Agriculture Parkland >100 >100 GE M 27 E Tpb Mornington Peninsula Sand 10Yr 5/3 0.3 0.6
BH315 BH315/290815/0.0-0.1 Clifford Drive Bushland Reserve Council 29/08/2015 Parkland Parkland >100 >100 GE L 37 N Tpb Mornington Peninsula Loam 7.5Yr 4/2 0 0.1
BH315 BH315/290815/0.4-0.6 Clifford Drive Bushland Reserve Council 29/08/2015 Parkland Parkland >100 >100 GE L 37 N Tpb Mornington Peninsula Medium Clay 10Yr 4/3 0.4 0.6
BH316 BH316/290815/0.0-0.1 King Creek Bushland reserve Council 29/08/2015 Agriculture Parkland >100 >100 LE F 15 N Tpb Mornington Peninsula Clayey Silt 7.5Yr 3/1 0 0.1
BH316 BH316/290815/0.3-0.6 King Creek Bushland reserve Council 29/08/2015 Agriculture Parkland >100 >100 LE F 15 N Tpb Mornington Peninsula Medium Clay 10Yr 4/4 0.3 0.6
BH317 BH317/290815/0.0-0.1 Stanley Rd Somerville Council 29/08/2015 Agriculture Parkland >50 >25 VG L 35 S Tpb Mornington Peninsula Silty Clay Loam 10Yr 4/2 0 0.1
BH317 BH317/290815/0.5-0.6 Stanley Rd Somerville Council 29/08/2015 Agriculture Parkland >50 >25 VG L 35 S Tpb Mornington Peninsula Light CLay 10Yr 5/4 0.5 0.6
BH318 BH318/310815/0.0-0.1 Paddock-Springridge Private 31/08/2015 Agriculture Agriculture >100 >100 GE M 365 E Qvn Mitchell Silty Clay 7.5Yr 4/2 0 0.1
BH318 BH318/310815/0.4-0.6 Paddock-Springridge Private 31/08/2015 Agriculture Agriculture >100 >100 GE M 365 E Qvn Mitchell Medium Clay 7.5Yr 4/2 0.4 0.6
BH319 BH319/310815/0.0-0.1 Paddock-Springridge Private 31/08/2015 Agriculture Agriculture >250 >250 GE M 406 SE Qvn Mitchell Silty Clay 10Yr 4/2 0 0.1
BH319 BH319/310815/0.3-0.6 Paddock-Springridge Private 31/08/2015 Agriculture Agriculture >250 >250 GE M 406 SE Qvn Mitchell Medium Clay 10Yr 4/4 0.3 0.6
BH320 BH320/120915/0.0-0.1 Hobby farm, Wallington Private 12/09/2015 Agriculture Agriculture >100 >200 LE F 58 N Tpb Greater Geelong Silty Sand 7.5Yr 4/2 0 0.1
BH320 BH320/120915/0.3-0.6 Hobby farm, Wallington Private 12/09/2015 Agriculture Agriculture >100 >200 LE F 58 N Tpb Greater Geelong Silty CLAY 5YR 5/8 0.3 0.6
Notes: 
PM= Parent Materuia, Qvn= Tertiary-Quaternary Basalt, Sla/Sud= Silurian Siltstone and Sandstone, Tpb= Tertiary Sediments
LGA= Local Government Area
Slope: Le=Level, VG=Very Gently Inclined, GE= gently Inclined, MO = moderately inclined, ST=steep, VS= very steep, PR=precipitous, CL= Cliff ( as per Mcdonald et al 1992)
Morphology: C=crest, H= hillock, R=ridge, S=simple slope, U=upper lsope, M=Mid slope, L= lower slope, F=flat, V=Open depression, D= closed depression ( as per McDonald et al. 1992).
Colour presented as per Munsell colour coding method
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BH001 Sud Darebin BH001/230714/0.0-0.1 0-0.1 Yes 4600 <5 <5 - 60 <1 <50 <1 - 13 3 15 120 5730 28 204 <0.1 <2 6 1000 <5 <2 1040 30 <5 <5 80 18 63 8 20 <1 <1 17 <1 <1 15 13 <1 27 <1 13 <1
BH001 Sud Darebin BH001/230714/0.3-0.5 0.3-0.5 Yes 4990 <5 <5 - 40 <1 <50 <1 - 27 2 <5 120 17300 14 74 <0.1 <2 5 370 <5 <2 240 12 <5 <5 70 50 19 2 10 <1 <1 8 <1 <1 7 6 <1 17 <1 17 <1
BH002 Sud Darebin BH002/230714/0.0-0.1 0-0.1 Yes 6730 <5 <5 - 40 <1 <50 <1 - 40 3 6 100 18600 14 59 <0.1 <2 6 290 <5 <2 230 10 <5 <5 100 47 13 8 13 <1 4 11 <1 2 10 10 <1 21 <1 16 <1
BH002 Sud Darebin BH002/230714/0.3-0.5 0.3-0.5 Yes 34700 <5 <5 - 110 2 <50 <1 - 101 17 17 330 40500 13 30 <0.1 <2 34 70 <5 <2 120 21 <5 <5 100 88 13 5 7 <1 3 6 <1 1 6 6 <1 9 <1 72 <1
BH003 Qvn Darebin BH003/230714/0.0-0.1 0-0.1 Yes 17500 <5 <5 - 80 <1 <50 <1 - 49 7 17 <40 27100 18 171 <0.1 <2 22 230 <5 <2 360 33 <5 <5 120 60 31 2 7 <1 <1 5 <1 <1 4 4 <1 10 <1 40 <1
BH003 Qvn Darebin BH003/230714/0.3-0.34 0.3-0.34 Yes 28600 <5 <5 - 100 1 <50 <1 - 84 10 20 110 54200 10 76 <0.1 <2 37 200 <5 <2 250 40 <5 <5 140 147 28 3 8 <1 <1 7 <1 <1 6 5 <1 10 <1 51 <1
BH004 Qvn Darebin BH004/300714/0.0-0.1 0-0.1 Yes 11500 <5 <5 - 70 <1 <50 <1 - 36 12 26 120 18500 31 238 <0.1 <2 27 670 <5 <2 870 36 <5 <5 160 30 118 6 20 <1 3 15 <1 <1 12 9 <1 26 <1 30 <1
BH004 Qvn Darebin BH004/300714/0.3-0.45 0.3-0.45 Yes 17000 <5 <5 - 70 <1 <50 <1 - 56 12 18 120 24500 12 138 <0.1 <2 29 280 <5 <2 370 38 <5 <5 140 36 40 <1 9 <1 <1 5 <1 <1 3 1 <1 14 <1 40 <1
BH005 Qvn Darebin BH005/300714/0.0-0.1 0-0.1 Yes 16700 <5 <5 - 60 <1 <50 <1 - 35 10 10 140 19000 20 56 <0.1 <2 22 60 <5 <2 170 27 <5 <5 90 34 24 2 15 <1 1 11 <1 <1 9 7 <1 18 <1 39 <1
BH005 Qvn Darebin BH005/300714/0.3-0.6 0.3-0.6 Yes 12400 <5 <5 - 70 <1 <50 <1 - 25 22 7 180 12900 7 282 <0.1 <2 45 <50 <5 <2 150 33 <5 <5 40 22 10 1 10 <1 <1 8 <1 <1 6 4 <1 13 <1 45 <1
BH006 Tpb Darebin BH006/300714/0.0-0.1 0-0.1 Yes 4240 <5 <5 - 30 <1 <50 <1 - 7 <2 <5 50 4390 16 62 <0.1 <2 2 160 <5 <2 320 3 <5 <5 50 18 15 3 44 <1 <1 26 <1 <1 18 10 <1 56 <1 11 <1
BH006 Tpb Darebin BH006/300714/0.3-0.45 0.3-0.45 Yes 40800 <5 7 - 70 2 <50 <1 - 61 8 7 330 38300 13 27 <0.1 <2 17 <50 <5 <2 160 20 <5 <5 70 108 11 4 20 <1 3 12 <1 2 10 8 <1 25 <1 61 <1
BH007 Tpb Darebin BH007/300714/0.0-0.1 0-0.1 Yes 4320 <5 <5 - 20 <1 <50 <1 - 7 <2 <5 50 4690 14 35 <0.1 <2 2 160 <5 <2 260 3 <5 <5 50 15 12 3 52 <1 <1 36 <1 <1 25 14 <1 64 <1 11 <1
BH007 Tpb Darebin BH007/300714/0.35-0.48 0.35-0.48 Yes 17200 <5 <5 - 40 <1 <50 <1 - 30 4 <5 90 24500 9 22 <0.1 <2 6 50 <5 <2 130 7 <5 <5 80 61 <5 <1 48 <1 <1 36 <1 <1 22 9 <1 52 <1 40 <1
BH008 Tpb Darebin BH008/300714/0.0-0.1 0-0.1 Yes 4640 <5 <5 - 20 <1 <50 <1 - 8 <2 <5 180 5170 18 32 <0.1 <2 2 120 <5 <2 390 2 <5 <5 60 19 15 5 43 <1 <1 35 <1 <1 29 21 <1 48 <1 16 <1
BH008 Tpb Darebin BH008/300714/0.45-0.6 0.45-0.6 Yes 4910 <5 6 - <10 <1 <50 <1 - 18 <2 <5 <40 18900 7 9 <0.1 <2 3 <50 <5 <2 100 <2 <5 <5 90 54 <5 8 44 <1 <1 36 <1 <1 30 23 <1 49 <1 19 <1
BH009 Tpb Darebin BH009/050814/0.0-0.1 0-0.1 Yes 6240 <5 <5 - 40 <1 <50 <1 - 62 5 13 100 50400 12 77 <0.1 <2 18 260 <5 <2 290 8 <5 <5 180 94 13 10 40 <1 2 35 <1 <1 30 24 <1 46 <1 18 <1
BH009 Tpb Darebin BH009/050814/0.45-0.6 0.45-0.6 Yes 13500 <5 5 - 20 2 <50 <1 - 134 10 39 170 103000 10 30 <0.1 <2 33 140 <5 <2 220 10 <5 <5 200 187 16 23 46 <1 8 42 <1 1 38 34 <1 49 <1 32 <1
BH010 Sud Whittlesea BH010/050814/0.0-0.1 0-0.1 Yes 7540 <5 <5 - 60 <1 <50 <1 - 92 5 15 100 75000 18 107 <0.1 <2 18 470 <5 <2 380 13 <5 <5 190 121 18 12 28 <1 7 24 <1 4 21 18 <1 32 <1 17 <1
BH010 Sud Whittlesea BH010/050814/0.3-0.6 0.3-0.6 Yes 38400 <5 5 - 50 2 <50 <1 - 154 14 53 270 101000 8 44 0.1 <2 44 200 <5 <2 320 18 <5 <5 220 134 21 6 9 <1 3 8 <1 <1 8 7 <1 10 <1 73 <1
BH011 Sud Whittlesea BH011/050814/0.0-0.1 0-0.1 Yes 10200 <5 <5 - 40 <1 <50 <1 - 40 10 15 90 23600 12 60 <0.1 <2 24 220 <5 <2 280 13 <5 <5 140 60 19 14 30 <1 9 26 <1 3 24 21 <1 33 <1 27 <1
BH011 Sud Whittlesea BH011/050814/0.3-0.6 0.3-0.6 Yes 21700 <5 <5 - 180 2 <50 <1 - 62 22 25 140 33900 <5 68 <0.1 <2 62 70 <5 <2 250 24 <5 <5 140 63 19 5 20 <1 1 16 <1 <1 14 11 <1 22 <1 35 <1
BH012 Sla Whittlesea BH012/031214/0.0-0.1 0-0.1 Yes 13800 <5 <5 - 170 1 <50 <1 - 28 10 18 340 24500 32 276 <0.1 <2 28 370 <5 <2 370 29 <5 <5 60 23 58 2 5 <1 1 4 <1 <1 3 3 <1 7 <1 37 <1
BH012 Sla Whittlesea BH012/031214/0.45-0.6 0.45-0.6 Yes 24400 <5 6 - 110 1 <50 <1 - 52 21 34 600 45900 19 92 <0.1 <2 65 180 <5 <2 80 17 <5 <5 70 31 68 3 4 <1 1 4 <1 <1 3 3 <1 4 <1 48 <1
BH013 Sud Whittlesea BH013/031214/0.0-0.1 0-0.1 Yes 6760 <5 <5 - 110 <1 <50 <1 - 14 6 9 290 10800 12 81 <0.1 <2 8 200 <5 <2 240 12 <5 <5 40 15 16 1 6 <1 <1 4 <1 <1 3 2 <1 11 <1 35 <1
BH013 Sud Whittlesea BH013/031214/0.4-0.55 0.4-0.55 Yes 13100 <5 9 - 120 1 <50 <1 - 28 16 15 470 27600 11 16 <0.1 <2 17 70 <5 <2 110 10 <5 <5 50 27 17 5 7 <1 3 6 <1 <1 6 6 <1 11 <1 48 <1
BH014 Qvn Whittlesea BH014/041214/0.0-0.1 0-0.1 Yes 7670 <5 <5 - 40 <1 <50 <1 - 17 5 15 90 11200 31 130 <0.1 <2 8 750 <5 <2 440 21 <5 <5 60 30 26 2 4 <1 <1 4 <1 <1 3 3 <1 7 <1 27 <1
BH014 Qvn Whittlesea BH014/041214/0.45-0.6 0.45-0.6 Yes 12800 <5 <5 - 30 <1 <50 <1 - 26 6 7 140 17600 8 12 <0.1 <2 12 60 <5 <2 90 17 <5 <5 40 41 7 1 2 <1 <1 2 <1 <1 2 2 <1 4 <1 40 <1
BH015 Qvn Whittlesea BH015/041214/0.0-0.1 0-0.1 Yes 3950 <5 <5 - 30 <1 <50 <1 - 6 <2 <5 50 4580 23 11 <0.1 <2 2 120 <5 <2 220 3 <5 <5 60 17 12 3 22 <1 <1 18 <1 <1 14 10 <1 32 <1 17 <1
BH015 Qvn Whittlesea BH015/041214/0.35-0.6 0.35-0.6 Yes 19200 <5 <5 - 120 <1 <50 <1 - 30 5 6 180 21800 8 29 <0.1 <2 10 <50 <5 <2 90 17 <5 <5 70 34 12 3 16 <1 <1 13 <1 <1 11 8 <1 20 <1 45 <1
BH016 Qvn Whittlesea BH016/041214/0.0-0.1 0-0.1 Yes 18800 <5 <5 - 90 <1 <50 <1 - 66 20 26 130 54000 9 377 <0.1 <2 65 780 <5 <2 320 40 <5 <5 290 90 41 12 22 <1 7 19 <1 4 18 16 <1 25 <1 36 <1
BH016 Qvn Whittlesea BH016/041214/0.3-0.35 0.3-0.35 Yes 16400 <5 5 - 110 1 <50 <1 - 60 33 25 160 51000 9 437 <0.1 <2 78 680 <5 <2 120 39 <5 <5 290 75 33 12 21 <1 9 19 <1 4 17 16 <1 24 <1 37 <1
BH017 Qvn Brimbank BH017/051214/0.0-0.1 0-0.1 Yes 23300 <5 <5 - 210 1 <50 <1 - 71 36 34 130 53500 17 1260 <0.1 <2 84 1160 <5 <2 470 51 <5 <5 480 69 62 16 24 <1 9 23 <1 1 22 20 <1 27 <1 36 <1
BH017 Qvn Brimbank BH017/051214/0.35-0.45 0.35-0.45 Yes 18600 <5 <5 - 160 <1 <50 <1 - 70 35 26 140 48000 6 871 <0.1 <2 92 980 <5 <2 200 40 <5 <5 390 55 45 28 34 <1 20 33 <1 9 33 32 <1 36 <1 30 <1
BH018 Qvn Brimbank BH018/051214/0.0-0.1 0-0.1 Yes 35000 <5 <5 - 160 1 <50 <1 - 61 31 34 230 56800 7 617 <0.1 <2 109 880 <5 <2 280 140 <5 <5 480 68 50 7 11 <1 5 10 <1 4 9 9 <1 14 <1 46 <1
BH018 Qvn Brimbank BH018/051214/0.1-0.35 0.1-0.35 Yes 34800 <5 <5 - 240 2 <50 <1 - 44 31 26 520 50900 <5 770 <0.1 <2 76 1110 <5 <2 130 270 <5 <5 630 48 46 7 13 <1 5 11 <1 2 10 10 <1 15 <1 58 <1
BH019 Qvn Brimbank BH019/051214/0.0-0.04 0-0.04 No 19300 <5 5 - 190 1 <50 <1 - 83 28 29 300 98500 17 1060 <0.1 <2 50 2040 <5 <2 670 72 <5 5 1750 64 557 23 34 <1 16 31 <1 7 29 27 <1 39 <1 31 <1
BH019 Qvn Brimbank BH019/051214/0.04-0.3 0.04-0.3 No 18500 18 <5 - 310 2 <50 <1 - 57 32 21 440 63200 9 1140 <0.1 <2 52 2290 <5 <2 260 76 <5 <5 1570 76 143 29 41 <1 22 38 <1 15 36 34 <1 46 10 25 <1
BH020 Qvn Brimbank BH020/051214/0.0-0.1 0-0.1 Yes 32600 5 <5 - 300 2 <50 <1 - 51 25 31 430 51800 12 770 <0.1 <2 73 2040 <5 <2 530 125 <5 <5 3380 69 82 13 26 <1 6 22 <1 1 20 17 <1 29 <1 32 <1
BH020 Qvn Brimbank BH020/051214/0.4-0.6 0.4-0.6 Yes 39100 <5 <5 - 240 2 <50 <1 - 58 27 33 520 62000 <5 701 <0.1 <2 87 1950 <5 <2 270 140 <5 <5 3900 82 74 4 16 <1 2 12 <1 <1 10 8 <1 19 <1 45 <1
BH021 Qvn Hume BH021/051214/0.0-0.1 0-0.1 Yes 36800 <5 <5 - 190 2 <50 <1 - 77 25 24 220 43600 8 659 <0.1 <2 66 450 <5 <2 320 80 <5 <5 360 69 48 <1 4 <1 <1 3 <1 <1 2 2 <1 6 <1 53 <1
BH021 Qvn Hume BH021/051214/0.55-0.65 0.55-0.65 Yes 38800 <5 <5 - 210 1 <50 <1 - 73 25 22 260 42800 5 556 <0.1 <2 63 550 <5 <2 210 143 <5 <5 470 73 39 5 9 <1 4 8 <1 2 7 6 <1 11 <1 64 <1
BH022 Qvn Brimbank BH022/051214/0.05-0.1 0.05-0.1 Yes 13100 <5 <5 - 150 <1 <50 <1 - 74 29 33 290 46500 <5 760 <0.1 <2 98 2410 <5 <2 100 48 <5 <5 2450 62 65 44 62 <1 26 60 <1 11 58 54 <1 64 2 10 <1
BH022 Qvn Brimbank BH022/051214/0.0-0.05 0-0.05 Yes 16400 <5 <5 - 160 <1 <50 <1 - 102 33 43 320 56600 <5 810 <0.1 <2 106 2860 <5 <2 120 54 <5 <5 3230 87 83 26 55 <1 11 51 <1 6 48 42 <1 58 <1 12 <1
BH023 Sla Manningham BH023/081214/0.0-0.1 0-0.1 Yes 10800 <5 <5 - 140 <1 <50 <1 - 19 9 12 230 22000 23 1220 <0.1 <2 24 260 <5 <2 250 42 <5 <5 60 18 45 38 49 2 30 47 <1 21 46 44 <1 51 6 14 <1
BH023 Sla Manningham BH023/081214/0.4-0.55 0.4-0.55 Yes 14400 <5 <5 - 80 <1 <50 <1 - 29 11 22 380 37300 13 503 <0.1 <2 34 250 <5 <2 70 18 <5 <5 40 22 64 27 38 <1 18 37 <1 6 35 33 <1 39 <1 17 <1
BH024 Sla Nillumbik BH024/081214/0.0-0.1 0-0.1 Yes 14500 <5 5 - 130 <1 <50 <1 - 26 12 10 230 29900 26 1520 <0.1 <2 25 350 <5 <2 270 20 <5 <5 70 24 51 24 36 <1 18 33 <1 13 32 30 <1 38 11 16 <1
BH024 Sla Nillumbik BH024/081214/0.3-0.5 0.3-0.5 Yes 15600 <5 6 - 40 1 <50 <1 - 34 13 24 440 42000 19 108 <0.1 <2 34 190 <5 <2 <50 7 <5 <5 40 22 57 13 20 <1 7 20 <1 4 19 18 <1 21 <1 27 <1
BH025 Sla Manningham BH025/081214/0.0-0.05 0-0.05 Yes 11900 <5 6 - 150 <1 <50 <1 - 20 11 18 280 23200 40 1420 <0.1 <2 25 620 <5 <2 950 95 <5 6 70 17 62 20 29 <1 15 27 <1 11 25 24 <1 31 <1 23 <1
BH025 Sla Manningham BH025/081214/0.35-0.6 0.35-0.6 Yes 20600 <5 8 - 80 <1 <50 <1 - 37 15 21 440 41200 17 596 <0.1 <2 46 230 <5 <2 130 19 <5 <5 40 20 66 18 24 <1 9 24 <1 <1 23 22 <1 25 <1 27 <1
BH026 Sud Nillumbik BH026/081214/0.0-0.05 0-0.05 Yes 11000 <5 <5 - 130 <1 <50 <1 - 20 10 11 260 20900 14 506 <0.1 <2 16 320 <5 <2 250 11 <5 <5 40 20 28 6 8 <1 4 8 <1 3 7 7 <1 10 <1 27 <1
BH026 Sud Nillumbik BH026/081214/0.3-0.4 0.3-0.4 Yes 12600 26 5 - 70 1 <50 <1 - 29 12 22 460 32800 11 151 <0.1 <2 33 270 <5 <2 80 5 <5 <5 40 22 50 31 36 4 24 35 <1 15 35 34 <1 36 7 18 <1
BH027 Sla Nillumbik BH027/081214/0.0-0.1 0-0.1 Yes 6180 <5 <5 - 90 <1 <50 <1 - 10 8 <5 150 9510 13 428 <0.1 <2 6 300 <5 <2 320 8 <5 <5 40 14 21 10 15 <1 5 14 <1 <1 13 12 <1 17 <1 19 <1
BH027 Sla Nillumbik BH027/081214/0.25-0.55 0.25-0.55 Yes 13800 <5 5 - 90 2 <50 <1 - 32 18 14 320 40000 13 22 <0.1 <2 13 80 <5 <2 60 5 <5 <5 20 32 30 9 11 <1 7 11 <1 2 10 10 <1 12 <1 48 <1
BH028 Sla Manningham BH028/091214/0.0-0.1 0-0.1 Yes 9120 <5 6 - 80 <1 <50 <1 - 24 9 6 260 30900 25 404 <0.1 <2 16 200 <5 <2 230 17 <5 <5 70 32 31 16 23 <1 10 22 <1 5 21 20 <1 25 <1 21 <1
BH028 Sla Manningham BH028/091214/0.35-0.55 0.35-0.55 Yes 19600 <5 10 - 70 1 <50 <1 - 34 12 20 450 38000 16 27 <0.1 <2 19 70 <5 <2 120 4 <5 <5 40 32 39 4 6 <1 2 5 <1 <1 5 5 <1 6 <1 46 <1
BH029 Sla Manningham BH029/091214/0.0-0.1 0-0.1 Yes 7190 <5 8 - 70 <1 <50 <1 - 18 9 6 240 27200 22 634 <0.1 <2 13 160 <5 <2 200 20 <5 <5 60 24 29 16 24 <1 9 22 <1 3 21 20 <1 26 <1 22 <1
BH029 Sla Manningham BH029/091214/0.3-0.5 0.3-0.5 Yes 19600 <5 18 - 60 2 <50 <1 - 42 13 24 430 48300 17 32 <0.1 <2 32 80 <5 <2 150 4 <5 <5 60 34 50 9 15 <1 4 14 <1 <1 13 12 <1 16 <1 34 <1
BH030 Sud Manningham BH030/091214/0.0-0.1 0-0.1 Yes 7220 <5 <5 - 110 <1 <50 <1 - 18 8 8 220 25100 31 318 <0.1 <2 20 320 <5 <2 430 31 <5 <5 60 16 53 31 38 <1 25 37 <1 15 36 34 <1 40 <1 18 <1
BH030 Sud Manningham BH030/091214/0.3-0.4 0.3-0.4 Yes 11900 <5 5 - 70 2 <50 <1 - 24 15 15 370 31800 14 38 <0.1 <2 25 110 <5 <2 110 5 <5 <5 30 24 58 6 12 <1 2 10 <1 <1 9 8 <1 19 <1 32 <1
BH031 Sud Manningham BH031/091214/0.0-0.1 0-0.1 Yes 6400 <5 <5 - 90 <1 <50 <1 - 14 5 <5 140 20800 12 425 <0.1 <2 6 210 <5 <2 230 7 <5 <5 50 25 16 11 16 <1 9 14 <1 6 14 13 <1 22 3 13 <1
BH031 Sud Manningham BH031/091214/0.4-0.5 0.4-0.5 Yes 7350 <5 7 - 40 <1 <50 <1 - 19 6 6 270 27300 7 22 <0.1 <2 11 100 <5 <2 60 4 <5 <5 40 28 27 22 26 <1 18 25 <1 10 25 24 <1 30 <1 13 <1
BH032 Sud Manningham BH032/091214/0.0-0.1 0-0.1 Yes 7680 <5 <5 - 90 <1 <50 <1 - 20 6 7 190 22800 13 1230 <0.1 <2 14 360 <5 <2 200 9 <5 <5 50 16 41 36 44 <1 30 43 <1 20 42 41 <1 45 6 16 <1
BH032 Sud Manningham BH032/091214/0.3-0.4 0.3-0.4 Yes 12400 <5 6 - 60 <1 <50 <1 - 28 9 17 340 31800 11 456 <0.1 <2 31 400 <5 <2 120 6 <5 <5 40 19 53 35 40 <1 27 40 <1 15 40 39 <1 41 4 16 <1
BH033 Sud Manningham BH033/091214/0.0-0.1 0-0.1 Yes 7440 <5 <5 - 70 <1 <50 <1 - 10 <2 <5 120 6930 10 36 <0.1 <2 4 140 <5 <2 240 6 <5 <5 40 17 8 1 4 <1 <1 2 <1 <1 2 2 <1 11 <1 18 <1
BH033 Sud Manningham BH033/091214/0.3-0.4 0.3-0.4 Yes 5910 <5 <5 - 50 <1 <50 <1 - 14 <2 <5 130 21100 8 11 <0.1 <2 3 60 <5 <2 70 3 <5 <5 50 25 <5 44 45 <1 43 45 <1 40 45 45 <1 48 26 12 <1
BH034 Sud Nillumbik BH034/101214/0.0-0.05 0-0.05 Yes 5110 <5 <5 - 50 <1 <50 <1 - 8 <2 <5 140 7030 14 48 <0.1 <2 6 200 <5 <2 360 19 <5 <5 30 14 14 4 13 <1 <1 11 <1 <1 10 9 <1 17 <1 18 <1
BH034 Sud Nillumbik BH034/101214/0.45-0.6 0.45-0.6 Yes 15800 <5 <5 - 60 2 <50 <1 - 28 5 10 250 42800 21 6 <0.1 <2 7 <50 <5 <2 90 3 <5 <5 30 34 13 2 3 <1 <1 2 <1 <1 2 2 <1 5 <1 46 <1
BH035 Sla Nillumbik BH035/101214/0.0-0.1 0-0.1 Yes 7070 <5 <5 - 50 <1 <50 <1 - 21 10 <5 180 22900 18 359 <0.1 <2 8 120 <5 <2 120 14 <5 <5 40 25 18 30 31 <1 26 31 <1 16 31 31 <1 32 5 17 <1
BH035 Sla Nillumbik BH035/101214/0.35-0.5 0.35-0.5 Yes 23700 24 <5 - 60 2 <50 <1 - 40 25 17 420 33900 14 16 <0.1 <2 24 70 <5 <2 100 10 <5 <5 40 38 36 18 19 <1 16 19 <1 13 19 19 <1 20 8 38 <1
BH036 Sla Nillumbik BH036/101214/0.0-0.1 0-0.1 Yes 9740 5 <5 - 110 <1 <50 <1 - 18 8 7 220 23300 20 405 <0.1 <2 13 180 <5 <2 180 17 <5 <5 50 22 19 19 24 <1 14 23 <1 6 22 22 <1 25 4 20 <1
BH036 Sla Nillumbik BH036/101214/0.35-0.45 0.35-0.45 Yes 13400 <5 6 - 50 <1 <50 <1 - 31 8 12 360 34800 13 49 <0.1 <2 17 90 <5 <2 60 7 <5 <5 40 29 24 20 22 <1 15 22 <1 7 21 21 <1 23 4 22 <1
BH037 Sla Nillumbik BH037/101214/0.0-0.1 0-0.1 Yes 8870 <5 <5 - 60 <1 <50 <1 - 22 4 <5 180 30100 17 162 <0.1 <2 9 160 <5 <2 130 10 <5 <5 70 31 25 37 38 <1 34 38 <1 26 38 37 <1 39 13 13 <1
BH037 Sla Nillumbik BH037/101214/0.3-0.4 0.3-0.4 Yes 9550 <5 <5 - 30 <1 <50 <1 - 22 8 9 140 27100 7 78 <0.1 <2 18 100 <5 <2 50 2 <5 <5 50 22 33 47 48 3 44 48 <1 36 48 48 <1 49 22 9 <1
BH038 Sla Nillumbik BH038/101214/0.0-0.1 0-0.1 Yes 6430 <5 <5 - 30 <1 <50 <1 - 22 <2 <5 180 35300 21 23 <0.1 <2 10 110 <5 <2 100 <2 <5 <5 90 41 24 36 38 <1 33 38 <1 24 37 37 <1 40 9 11 <1
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Metals/Elements Particle Size Analysis
BH038 Sla Nillumbik BH038/101214/0.35-0.4 0.35-0.4 Yes 15100 <5 <5 - 40 1 <50 <1 - 32 5 14 320 27300 14 16 <0.1 <2 16 <50 <5 <2 70 3 <5 <5 30 28 46 23 29 <1 17 28 <1 8 27 26 <1 32 <1 26 <1
BH039 Sla Nillumbik BH039/101214/0.0-0.05 0-0.05 Yes 6270 <5 <5 - 60 <1 <50 <1 - 10 <2 <5 170 11500 18 34 <0.1 <2 4 140 <5 <2 200 7 <5 <5 30 14 14 10 15 <1 7 14 <1 3 13 12 <1 18 <1 17 <1
BH039 Sla Nillumbik BH039/101214/0.3-0.4 0.3-0.4 Yes 9300 <5 <5 - 40 <1 <50 <1 - 20 3 7 230 23700 10 11 <0.1 <2 5 60 <5 <2 60 5 <5 <5 30 21 10 19 21 <1 15 21 <1 8 20 20 <1 22 4 24 <1
BH040 Sla Nillumbik BH040/111214/0.0-0.1 0-0.1 Yes 7860 <5 <5 - 120 <1 <50 <1 - 20 5 10 130 18400 26 832 <0.1 <2 16 340 <5 <2 320 39 <5 <5 70 27 112 25 30 <1 21 29 <1 15 28 27 <1 32 3 16 <1
BH040 Sla Nillumbik BH040/111214/0.3-0.4 0.3-0.4 Yes 14700 <5 <5 - 40 <1 <50 <1 - 33 9 19 310 34800 15 147 <0.1 <2 30 240 <5 <2 60 10 <5 <5 60 31 41 30 33 2 25 33 <1 17 33 32 <1 34 2 15 <1
BH041 Sla Nillumbik BH041/111214/0.0-0.1 0-0.1 Yes 11500 <5 8 - 50 <1 <50 <1 - 23 10 15 240 26400 25 279 0.2 <2 22 250 <5 <2 190 9 <5 <5 40 21 43 32 39 <1 26 38 <1 11 37 36 <1 40 <1 13 <1
BH041 Sla Nillumbik BH041/111214/0.3-0.4 0.3-0.4 Yes 16400 <5 <5 - 50 1 <50 <1 - 30 12 24 360 35800 18 158 <0.1 <2 36 240 <5 <2 60 7 <5 <5 40 25 51 42 47 1 34 46 <1 24 46 45 <1 47 12 15 <1
BH042 Sud Nillumbik BH042/111214/0.0-0.1 0-0.1 Yes 7140 <5 <5 - 60 <1 <50 <1 - 20 3 <5 170 29000 13 283 <0.1 <2 6 130 <5 <2 190 12 <5 <5 30 18 14 8 11 <1 6 10 <1 3 9 9 <1 14 <1 15 <1
BH042 Sud Nillumbik BH042/111214/0.3-0.6 0.3-0.6 Yes 7770 22 <5 - 40 <1 <50 <1 - 16 2 <5 220 18400 9 23 <0.1 <2 6 50 <5 <2 <50 4 <5 <5 20 18 7 9 11 <1 7 11 <1 4 10 10 <1 14 <1 18 <1
BH043 Sla Nillumbik BH043/111214/0.0-0.1 0-0.1 Yes 7040 8 6 - 60 <1 <50 <1 - 10 2 6 210 9010 27 27 <0.1 <2 7 160 <5 <2 260 7 <5 <5 40 14 21 3 8 <1 2 5 <1 1 4 4 <1 14 <1 22 <1
BH043 Sla Nillumbik BH043/111214/0.3-0.45 0.3-0.45 Yes 7620 <5 <5 - 30 <1 <50 <1 - 23 <2 5 180 24600 16 <5 <0.1 <2 4 <50 <5 <2 50 <2 <5 <5 20 24 12 9 14 <1 6 12 <1 3 11 10 <1 21 <1 29 <1
BH044 Sud Nillumbik BH044/111214/0.0-0.1 0-0.1 Yes 4680 <5 <5 - 50 <1 <50 <1 - 9 3 <5 80 10100 9 137 <0.1 <2 3 80 <5 <2 90 7 <5 <5 40 14 5 14 16 <1 12 16 <1 6 15 15 <1 21 <1 11 <1
BH044 Sud Nillumbik BH044/111214/0.38-0.6 0.38-0.6 Yes 26300 <5 8 - 60 2 <50 <1 - 54 20 11 400 53400 12 22 <0.1 <2 12 60 <5 <2 140 6 <5 <5 80 55 10 3 5 <1 2 5 <1 <1 4 4 <1 8 <1 65 <1
BH045 Sud Nillumbik BH045/121214/0.0-0.05 0-0.05 Yes 4820 <5 <5 - 50 <1 <50 <1 - 12 <2 <5 220 30700 15 89 <0.1 <2 5 260 <5 <2 250 4 <5 <5 70 26 22 10 11 <1 7 11 <1 3 10 10 <1 13 <1 20 <1
BH045 Sud Nillumbik BH045/121214/0.45-0.53 0.45-0.53 Yes 16000 <5 5 - 50 <1 <50 <1 - 27 4 7 350 24000 11 24 <0.1 <2 8 80 <5 <2 110 5 <5 <5 30 26 20 10 10 2 9 10 <1 8 10 10 <1 10 5 37 <1
BH046 Sud Nillumbik BH046/121214/0.0-0.1 0-0.1 Yes 5780 <5 <5 - 100 <1 <50 <1 - 13 6 8 190 20100 11 1100 <0.1 <2 10 160 <5 <2 140 18 <5 <5 40 19 21 24 24 5 22 24 <1 16 24 24 <1 24 5 18 <1
BH046 Sud Nillumbik BH046/121214/0.3-0.4 0.3-0.4 Yes 6720 <5 <5 - 40 <1 <50 <1 - 16 12 9 360 20300 7 114 <0.1 <2 18 90 <5 <2 <50 10 <5 <5 30 17 28 15 16 2 12 16 <1 6 16 16 <1 16 2 19 <1
BH047 Sud Nillumbik BH047/121214/0.0-0.1 0-0.1 Yes 8850 <5 10 - 60 1 <50 <1 - 24 7 10 280 24700 16 150 <0.1 <2 11 260 <5 <2 230 10 <5 <5 30 28 24 5 10 <1 3 8 <1 1 7 6 <1 14 <1 26 <1
BH047 Sud Nillumbik BH047/121214/0.3-0.45 0.3-0.45 Yes 6740 <5 8 - 70 1 <50 <1 - 26 7 17 460 21000 11 61 <0.1 <2 24 160 <5 <2 60 7 <5 <5 20 14 54 17 18 5 14 18 <1 10 18 18 <1 18 8 23 <1
BH048 Sud Nillumbik BH048/121214/0.0-0.1 0-0.1 Yes 4300 <5 <5 - 50 <1 <50 <1 - 9 <2 <5 130 11200 10 101 <0.1 <2 5 100 <5 <2 130 10 <5 <5 40 11 10 29 30 5 29 30 <1 26 30 30 <1 30 19 14 <1
BH048 Sud Nillumbik BH048/121214/0.3-0.5 0.3-0.5 Yes 20200 <5 7 - 40 <1 <50 <1 - 47 4 7 400 37100 10 13 <0.1 <2 8 60 <5 <2 90 4 <5 <5 40 42 12 2 3 <1 2 3 <1 1 3 3 <1 6 <1 52 <1
BH049 Sud Nillumbik BH049/121214/0.0-0.1 0-0.1 Yes 5490 <5 <5 - 30 <1 <50 <1 - 18 <2 <5 260 26500 12 15 <0.1 <2 4 110 <5 <2 130 2 <5 <5 40 18 11 19 22 2 16 21 <1 10 21 20 <1 23 2 19 <1
BH049 Sud Nillumbik BH049/121214/0.3-0.6 0.3-0.6 Yes 21300 <5 9 - 40 1 <50 <1 - 35 5 14 580 34500 10 11 <0.1 <2 9 60 <5 <2 90 <2 <5 <5 40 31 34 5 7 1 3 7 <1 1 6 6 <1 8 1 58 <1
BH050 Sud Nillumbik BH050/121214/0.0-0.1 0-0.1 Yes 5560 <5 <5 - 50 <1 <50 <1 - 7 <2 <5 140 6120 10 27 <0.1 <2 <2 90 <5 <2 120 8 <5 <5 30 11 5 10 12 <1 9 12 <1 7 11 11 <1 14 <1 15 <1
BH050 Sud Nillumbik BH050/121214/0.3-0.6 0.3-0.6 Yes 28800 <5 7 - 60 1 <50 <1 - 43 <2 8 350 32500 13 16 <0.1 <2 5 70 <5 <2 100 4 <5 <5 30 46 7 7 8 1 6 8 <1 5 8 8 <1 8 1 46 <1
BH051 Sla Manningham BH051/151214/0.0-0.1 0-0.1 Yes 7230 <5 16 - 70 <1 <50 <1 - 8 2 9 210 11200 24 47 <0.1 <2 5 150 <5 <2 250 14 <5 <5 30 13 18 2 4 <1 <1 3 <1 <1 3 2 <1 5 <1 27 <1
BH051 Sla Manningham BH051/151214/0.3-0.5 0.3-0.5 Yes 14500 <5 40 - 60 3 <50 <1 - 26 25 47 640 59200 19 28 <0.1 <2 39 60 <5 <2 190 7 <5 <5 20 24 114 21 24 <1 17 24 <1 10 24 23 <1 24 <1 44 <1
BH052 Sla Manningham BH052/151214/0.0-0.1 0-0.1 Yes 6050 <5 5 - 60 <1 <50 <1 - 11 5 6 310 14800 18 102 <0.1 <2 8 80 <5 <2 130 17 <5 <5 30 12 21 8 11 <1 7 10 <1 4 10 9 <1 12 <1 23 <1
BH052 Sla Manningham BH052/151214/0.3-0.55 0.3-0.55 Yes 10300 <5 10 - 50 1 <50 <1 - 24 10 21 500 23700 14 21 <0.1 <2 17 <50 <5 <2 70 6 <5 <5 20 18 40 <1 2 <1 <1 2 <1 <1 1 <1 <1 3 <1 45 <1
BH053 Sla Manningham BH053/151214/0.0-0.1 0-0.1 Yes 6990 <5 8 - 70 <1 <50 <1 - 16 7 6 320 18600 18 46 <0.1 <2 14 130 <5 <2 120 9 <5 <5 30 19 29 10 11 <1 8 11 <1 5 10 10 <1 12 <1 23 <1
BH053 Sla Manningham BH053/151214/0.3-0.5 0.3-0.5 Yes 19500 <5 14 - 100 1 <50 <1 - 40 20 31 590 30200 18 22 <0.1 <2 58 150 <5 <2 80 10 <5 <5 20 20 100 2 3 <1 <1 3 <1 <1 2 2 <1 3 <1 41 <1
BH054 Sla Manningham BH054/151214/0.0-0.1 0-0.1 Yes 11200 <5 <5 - 190 1 <50 <1 - 17 18 12 340 20400 32 2480 <0.1 <2 26 320 <5 <2 420 37 <5 <5 50 17 50 3 11 <1 <1 8 <1 <1 7 6 <1 13 <1 32 <1
BH054 Sla Manningham BH054/151214/0.3-0.55 0.3-0.55 Yes 20000 <5 7 - 70 1 <50 <1 - 31 12 28 570 42600 16 110 <0.1 <2 38 240 <5 <2 70 10 <5 <5 30 22 70 21 26 2 16 25 <1 12 24 23 <1 27 6 32 <1
BH055 Sla Manningham BH055/151214/0.0-0.1 0-0.1 Yes 8470 <5 <5 - 70 <1 <50 <1 - 15 5 7 260 28900 16 316 <0.1 <2 12 220 <5 <2 270 15 <5 <5 40 18 26 5 10 <1 4 8 <1 1 7 6 <1 13 <1 18 <1
BH055 Sla Manningham BH055/151214/0.3-0.55 0.3-0.55 Yes 15200 <5 7 - 60 <1 <50 <1 - 28 6 14 370 35800 13 43 <0.1 <2 19 70 <5 <2 <50 15 <5 <5 50 28 28 13 16 <1 11 15 <1 9 15 14 <1 18 8 33 <1
BH056 Sla Manningham BH056/151214/0.0-0.1 0-0.1 Yes 6300 <5 <5 - 60 <1 <50 <1 - 22 4 <5 220 21600 20 131 <0.1 <2 8 170 <5 <2 280 14 <5 <5 40 23 24 9 17 <1 7 12 <1 2 11 10 <1 27 <1 16 <1
BH056 Sla Manningham BH056/151214/0.33-0.6 0.33-0.6 Yes 28100 <5 11 - 50 2 <50 <1 - 70 20 17 570 53900 17 15 <0.1 <2 34 60 <5 <2 170 8 <5 <5 40 59 51 6 8 <1 4 7 <1 2 7 7 <1 12 <1 51 <1
BH057 Sud Manningham BH057/151214/0.0-0.1 0-0.1 Yes 6150 <5 <5 - 110 <1 <50 <1 - 11 3 8 150 8470 16 152 <0.1 <2 6 390 <5 <2 580 22 <5 <5 40 14 20 2 8 <1 1 4 <1 <1 4 3 <1 22 <1 19 <1
BH057 Sud Manningham BH057/151214/0.3-0.6 0.3-0.6 Yes 8980 <5 8 - 70 1 <50 <1 - 31 4 5 210 54000 19 20 <0.1 <2 7 80 <5 <2 130 8 <5 <5 60 40 7 25 29 <1 24 27 <1 21 26 26 <1 41 6 22 <1
BH058 Sud Manningham BH058/171214/0.0-0.1 0-0.1 No 5990 8 12 - 30 <1 <50 <1 - 11 <2 26 100 12300 54 29 <0.1 <2 3 320 <5 <2 380 6 <5 <5 40 24 9 3 7 <1 1 5 <1 <1 5 4 <1 12 <1 18 <1
BH058 Sud Manningham BH058/171214/0.3-0.6 0.3-0.6 No 8960 <5 5 - 30 <1 <50 <1 - 19 <2 <5 110 22200 13 7 <0.1 <2 2 <50 <5 <2 130 4 <5 <5 40 66 <5 3 5 <1 2 4 <1 <1 4 4 <1 9 <1 24 <1
BH059 Sla Knox BH059/171214/0.0-0.1 0-0.1 No 9050 <5 17 - 40 <1 <50 <1 - 20 2 29 90 14600 62 70 <0.1 <2 4 420 <5 <2 340 8 <5 <5 50 47 26 <1 3 <1 <1 2 <1 <1 2 1 <1 6 <1 22 <1
BH059 Sla Knox BH059/171214/0.3-0.6 0.3-0.6 No 14200 <5 7 - 30 <1 <50 <1 - 29 2 8 100 29500 24 16 <0.1 <2 4 100 <5 <2 160 6 <5 <5 50 79 <5 3 5 <1 1 4 <1 <1 4 4 <1 7 <1 34 <1
BH060 Sla Whitehorse BH060/171214/0.0-0.05 0-0.05 No 5170 <5 15 - 40 <1 <50 <1 - 7 <2 25 120 6140 74 41 <0.1 <2 3 570 <5 <2 440 12 <5 <5 30 10 280 3 9 <1 <1 6 <1 <1 5 4 <1 13 <1 16 <1
BH060 Sla Whitehorse BH060/171214/0.35-0.6 0.35-0.6 No 17100 <5 25 - 70 2 <50 1 - 32 7 21 360 37000 17 12 <0.1 <2 14 80 <5 <2 160 9 <5 <5 40 40 48 5 6 <1 4 6 <1 3 6 6 <1 7 <1 57 <1
BH061 Sud Knox BH061/171214/0.0-0.1 0-0.1 Yes 4920 <5 <5 - 40 <1 <50 <1 - 8 <2 <5 110 4500 17 54 <0.1 <2 2 370 <5 <2 500 9 <5 <5 30 10 13 1 4 <1 <1 2 <1 <1 2 2 <1 12 <1 15 <1
BH061 Sud Knox BH061/171214/0.3-0.6 0.3-0.6 Yes 21700 <5 8 - 80 2 <50 <1 - 65 6 17 280 37800 19 8 <0.1 <2 13 60 <5 <2 160 9 <5 <5 70 65 30 5 6 <1 5 5 <1 5 5 5 <1 9 5 58 <1
BH062 Sud Monash BH062/171214/0.0-0.1 0-0.1 Yes 7060 <5 <5 - 40 <1 <50 <1 - 15 <2 <5 80 7600 16 33 <0.1 <2 3 350 <5 <2 630 11 <5 <5 40 31 13 2 5 <1 <1 4 <1 <1 3 3 <1 9 <1 13 <1
BH062 Sud Monash BH062/171214/0.4-0.6 0.4-0.6 Yes 18900 <5 9 - 50 1 <50 <1 - 58 3 <5 120 37400 17 11 <0.1 <2 5 <50 <5 <2 170 5 <5 <5 60 101 <5 4 7 <1 2 6 <1 <1 6 5 <1 11 <1 34 <1
BH063 Sud Monash BH063/171214/0.0-0.1 0-0.1 Yes 6620 <5 <5 - 50 <1 <50 <1 - 13 <2 <5 110 12400 13 8 <0.1 <2 <2 100 <5 <2 190 5 <5 <5 30 38 6 2 7 <1 2 5 <1 1 4 3 <1 18 <1 12 <1
BH063 Sud Monash BH063/171214/0.3-0.6 0.3-0.6 Yes 25400 <5 6 - 160 2 <50 <1 - 55 5 7 250 36000 15 8 <0.1 <2 9 <50 <5 <2 130 14 <5 <5 60 73 <5 5 9 <1 4 8 <1 <1 7 6 <1 13 <1 54 <1
BH064 Sla Monash BH064/171214/0.0-0.1 0-0.1 Yes 7570 <5 <5 - 40 <1 <50 <1 - 13 3 7 150 10400 15 35 <0.1 <2 6 310 <5 <2 450 10 <5 <5 30 25 20 4 8 <1 2 6 <1 <1 6 5 <1 10 <1 18 <1
BH064 Sla Monash BH064/171214/0.4-0.6 0.4-0.6 Yes 18300 <5 6 - 40 <1 <50 <1 - 34 2 6 160 29300 15 10 <0.1 <2 6 <50 <5 <2 140 11 <5 <5 40 67 6 8 11 <1 5 10 <1 2 10 10 <1 12 <1 45 <1
BH065 Sud Knox BH065/171214/0.0-0.1 0-0.1 No 6950 <5 <5 - 40 <1 <50 <1 - 17 <2 32 110 7920 17 90 0.4 <2 2 850 <5 <2 520 12 <5 <5 30 20 35 3 7 <1 1 5 <1 <1 4 4 <1 14 <1 15 <1
BH065 Sud Knox BH065/171214/0.32-0.6 0.32-0.6 No 23600 <5 6 - 70 1 <50 <1 - 56 3 6 220 32100 15 10 <0.1 <2 5 90 <5 <2 170 10 <5 <5 50 75 7 <1 2 <1 <1 2 <1 <1 1 1 <1 6 <1 56 <1
BH066 Sla Whitehorse BH066/181214/0.0-0.1 0-0.1 Yes 4310 <5 <5 - 30 <1 <50 <1 - 6 <2 <5 80 6270 18 87 <0.1 <2 3 120 <5 <2 250 8 <5 <5 30 16 12 3 35 <1 <1 24 <1 <1 17 10 <1 40 <1 11 <1
BH066 Sla Whitehorse BH066/181214/0.4-0.6 0.4-0.6 Yes 21600 <5 6 - 80 2 <50 <1 - 45 13 10 220 30800 15 19 <0.1 <2 23 <50 <5 <2 290 11 <5 <5 70 54 13 4 16 <1 2 12 <1 1 10 7 <1 18 <1 52 <1
BH067 Tpb Whitehorse BH067/181214/0.0-0.1 0-0.1 Yes 2550 <5 <5 - <10 <1 <50 <1 - 2 <2 <5 <40 3980 13 23 <0.1 <2 <2 60 <5 <2 160 3 <5 <5 20 11 7 2 68 <1 <1 53 <1 <1 36 20 <1 70 <1 7 <1
BH067 Tpb Whitehorse BH067/181214/0.4-0.6 0.4-0.6 Yes 1930 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 540 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 20 <5 <5 2 71 <1 <1 53 <1 <1 36 20 <1 73 <1 6 <1
BH068 Sud Manningham BH068/181214/0.0-0.1 0-0.1 Yes 4420 10 <5 - 30 <1 <50 <1 - 6 <2 6 90 3670 12 21 <0.1 <2 2 260 <5 <2 440 10 <5 <5 30 16 10 1 5 <1 <1 3 <1 <1 2 2 <1 12 <1 15 <1
BH068 Sud Manningham BH068/181214/0.33-0.6 0.33-0.6 Yes 14600 <5 <5 - 40 1 <50 <1 - 26 3 10 190 18400 13 10 <0.1 <2 6 <50 <5 <2 110 11 <5 <5 30 41 7 <1 2 <1 <1 1 <1 <1 <1 <1 <1 5 <1 49 <1
BH069 Sud Manningham BH069/181214/0.0-0.1 0-0.1 Yes 4210 <5 <5 - 40 <1 <50 <1 - 6 <2 <5 60 5080 12 10 <0.1 <2 2 140 <5 <2 250 2 <5 <5 40 17 7 1 18 <1 <1 8 <1 <1 4 3 <1 29 <1 13 <1
BH069 Sud Manningham BH069/181214/0.4-0.6 0.4-0.6 Yes 29200 <5 5 - 120 3 <50 1 - 55 20 16 150 36800 17 28 <0.1 <2 28 50 <5 <2 190 12 <5 <5 100 60 23 3 9 <1 2 5 <1 <1 4 4 <1 13 <1 59 <1
BH070 Sud Manningham BH070/181214/0.0-0.1 0-0.1 Yes 3770 <5 <5 - 40 <1 <50 <1 - 5 <2 <5 80 3110 18 9 <0.1 <2 <2 260 <5 <2 390 5 <5 <5 30 10 7 2 24 <1 1 10 <1 <1 6 4 <1 38 <1 11 <1
BH070 Sud Manningham BH070/181214/0.35-0.6 0.35-0.6 Yes 3010 <5 <5 - 20 <1 <50 <1 - 4 <2 <5 80 2820 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 40 11 <5 1 23 <1 <1 10 <1 <1 6 3 <1 40 <1 9 <1
BH071 Sud Nillumbik BH071/181214/0.0-0.1 0-0.1 Yes 9660 <5 <5 - 120 <1 <50 <1 - 21 14 10 220 17100 44 875 0.2 <2 22 330 <5 <2 460 29 <5 <5 50 24 41 11 21 <1 4 18 <1 <1 17 15 <1 24 <1 24 <1
BH071 Sud Nillumbik BH071/181214/0.3-0.6 0.3-0.6 Yes 16100 <5 6 - 60 1 <50 1 - 46 13 23 380 37500 18 74 <0.1 <2 41 120 <5 <2 110 3 <5 <5 60 35 48 32 39 <1 23 37 <1 11 36 35 <1 41 <1 24 <1
BH072 Sla Nillumbik BH072/181214/0.0-0.05 0-0.05 Yes 11500 <5 <5 - 90 <1 <50 <1 - 24 11 10 230 20200 24 388 <0.1 <2 32 300 <5 <2 270 26 <5 <5 50 21 54 8 20 <1 3 17 <1 <1 15 13 <1 23 <1 19 <1
BH072 Sla Nillumbik BH072/181214/0.25-0.3 0.25-0.3 Yes 12700 <5 <5 - 50 <1 <50 <1 - 29 13 14 290 24800 16 150 <0.1 <2 41 220 <5 <2 110 6 <5 <5 40 20 67 16 21 <1 12 20 <1 8 19 18 <1 23 4 21 <1
BH073 Tpb Kingston BH073/191214/0.02-0.1 0-0.1 Yes 2550 14 <5 - 10 <1 <50 <1 - 5 <2 6 80 3360 16 44 0.6 <2 4 280 <5 <2 420 12 <5 <5 50 10 44 9 77 <1 2 52 <1 <1 33 19 <1 82 <1 10 <1
BH073 Tpb Kingston BH073/191214/0.3-0.6 0.3-0.6 Yes 340 <5 <5 - <10 <1 <50 <1 - 2 <2 <5 110 1500 5 <5 0.2 <2 <2 130 <5 <2 60 3 <5 <5 10 9 <5 <1 75 <1 <1 43 <1 <1 24 10 <1 80 <1 8 <1
BH074 Tpb Kingston BH074/191214/0.02-0.1 0-0.1 Yes 260 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 150 1190 6 <5 0.2 <2 <2 100 <5 <2 100 2 <5 <5 20 6 <5 3 79 <1 <1 53 <1 <1 33 16 <1 84 <1 8 <1
BH074 Tpb Kingston BH074/191214/0.3-0.6 0.3-0.6 Yes 140 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 720 <5 <5 <0.1 <2 <2 50 <5 <2 <50 <2 <5 <5 10 5 <5 <1 73 <1 <1 48 <1 <1 30 13 <1 77 <1 7 <1
BH075 Tpb Kingston BH075/191214/0.0-0.1 0-0.1 No 1320 <5 <5 - 60 <1 <50 4 - 97 2 144 130 3790 86 83 1.9 <2 20 1500 <5 12 410 16 <5 15 60 5 353 11 84 <1 4 56 <1 <1 36 22 <1 92 <1 7 <1
BH075 Tpb Kingston BH075/191214/0.35-0.6 0.35-0.6 No 310 <5 <5 - <10 <1 <50 <1 - 3 <2 6 70 680 <5 64 <0.1 <2 <2 140 <5 <2 240 7 <5 <5 10 <5 7 1 76 <1 <1 31 <1 <1 15 6 <1 89 <1 7 <1
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Limit of Reporting 50 5 5 0.1 -1 10 1 50 1 0.1 to 1 2 2 5 40 50 5 5 0.1 2 2 50 5 2 50 2 5 5 10 5 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
Metals/Elements Particle Size Analysis
BH076 Tpb Kingston BH076/191214/0.0-0.1 0-0.1 Yes 300 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 60 900 <5 6 <0.1 <2 <2 90 <5 <2 130 <2 <5 <5 20 <5 <5 4 77 <1 <1 42 <1 <1 25 13 <1 89 <1 6 <1
BH076 Tpb Kingston BH076/191214/0.45-0.6 0.45-0.6 Yes 510 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 60 720 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 10 5 <5 2 71 <1 <1 31 <1 <1 17 8 <1 88 <1 6 <1
BH077 Tpb Kingston BH077/191214/0.0-0.1 0-0.1 Yes 60 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 40 90 <5 17 <0.1 <2 <2 <50 <5 <2 100 3 <5 <5 <10 <5 5 2 94 <1 <1 51 <1 <1 22 9 <1 96 <1 5 <1
BH077 Tpb Kingston BH077/191214/0.45-0.6 0.45-0.6 Yes <50 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 80 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 <10 <5 <5 <1 89 <1 <1 38 <1 <1 16 6 <1 92 <1 4 <1
BH078 Tpb Kingston BH078/191214/0.0-0.1 0-0.1 Yes 270 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 270 <5 <5 <0.1 <2 <2 <50 <5 <2 140 7 <5 <5 20 <5 <5 4 87 <1 1 50 <1 <1 28 16 <1 92 <1 6 <1
BH078 Tpb Kingston BH078/191214/0.3-0.6 0.3-0.6 Yes 80 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 70 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 10 <5 <5 2 85 <1 <1 42 <1 <1 23 12 <1 91 <1 6 <1
BH079 Qvn Whittlesea BH079/221214/0.0-0.1 0-0.1 Yes 6480 <5 <5 - 40 <1 <50 <1 - 13 3 5 70 8140 12 87 <0.1 <2 6 450 <5 <2 400 16 <5 <5 30 19 15 2 7 <1 <1 5 <1 <1 4 3 <1 12 <1 17 <1
BH079 Qvn Whittlesea BH079/221214/0.3-0.6 0.3-0.6 Yes 11900 <5 <5 - 50 1 <50 <1 - 20 11 <5 110 11800 7 22 <0.1 <2 18 <50 <5 <2 80 26 <5 <5 30 21 6 <1 2 <1 <1 1 <1 <1 <1 <1 <1 4 <1 42 <1
BH080 Sud Whittlesea BH080/221214/0.0-0.1 0-0.1 Yes 2330 <5 <5 - 20 <1 <50 <1 - 4 <2 <5 70 2390 5 8 <0.1 <2 2 140 <5 <2 250 4 <5 <5 30 7 6 2 28 <1 <1 20 <1 <1 14 8 <1 45 <1 10 <1
BH080 Sud Whittlesea BH080/221214/0.3-0.6 0.3-0.6 Yes 2920 <5 <5 - 10 <1 <50 <1 - 4 <2 <5 70 4090 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 3 <5 <5 40 14 <5 1 28 <1 <1 19 <1 <1 13 7 <1 45 <1 9 <1
BH081 Qvn Whittlesea BH081/221214/0.0-0.1 0-0.1 Yes 5740 <5 <5 - 20 <1 <50 <1 - 12 3 6 100 5470 11 38 <0.1 <2 6 210 <5 <2 380 13 <5 <5 40 20 12 2 4 <1 <1 3 <1 <1 3 2 <1 6 <1 20 <1
BH081 Qvn Whittlesea BH081/221214/0.32-0.6 0.32-0.6 Yes 9740 <5 <5 - 20 <1 <50 <1 - 18 3 <5 110 10500 7 <5 <0.1 <2 8 <50 <5 <2 50 17 <5 <5 50 28 <5 <1 1 <1 <1 1 <1 <1 <1 <1 <1 2 <1 30 <1
BH082 Qvn Whittlesea BH082/221214/0.0-0.1 0-0.1 Yes 13600 <5 <5 - 100 <1 <50 <1 - 45 22 16 80 28800 46 730 <0.1 <2 28 440 <5 <2 680 57 <5 <5 280 62 125 2 7 <1 <1 6 <1 <1 5 4 <1 9 <1 36 <1
BH082 Qvn Whittlesea BH082/221214/0.3-0.6 0.3-0.6 Yes 24400 <5 <5 - 130 1 <50 <1 - 68 25 17 100 42100 9 413 <0.1 <2 42 180 <5 <2 220 60 <5 <5 430 82 26 1 2 <1 <1 2 <1 <1 2 2 <1 3 <1 58 <1
BH083 Sud Whittlesea BH083/221214/0.0-0.1 0-0.1 Yes 16900 23 8 - 50 1 <50 <1 - 40 16 22 230 28900 21 282 <0.1 <2 42 190 <5 <2 210 11 <5 <5 310 42 58 9 16 <1 4 15 <1 1 14 12 <1 18 <1 30 <1
BH083 Sud Whittlesea BH083/221214/0.3-0.6 0.3-0.6 Yes 14300 9 9 - 60 <1 <50 <1 - 41 17 30 330 25500 15 191 <0.1 <2 54 60 <5 <2 <50 3 <5 <5 340 26 73 13 14 <1 10 14 <1 6 14 13 <1 14 3 20 <1
BH084 Qvn Whittlesea BH084/221214/0.0-0.1 0-0.1 Yes 15200 6 <5 - 80 <1 <50 <1 - 29 8 11 110 15100 14 82 <0.1 <2 15 190 <5 <2 300 26 <5 <5 50 35 20 1 4 <1 <1 3 <1 <1 2 2 <1 6 <1 41 <1
BH084 Qvn Whittlesea BH084/221214/0.3-0.6 0.3-0.6 Yes 13300 6 <5 - 100 <1 <50 <1 - 22 6 7 110 11500 7 18 <0.1 <2 17 <50 <5 <2 90 37 <5 <5 30 26 7 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 2 <1 53 <1
BH085 Sud Whittlesea BH085/221214/0.0-0.1 0-0.1 Yes 5860 5 <5 - 50 <1 <50 <1 - 8 <2 6 160 5510 17 95 <0.1 <2 4 210 <5 <2 290 12 <5 <5 50 15 15 14 17 <1 13 16 <1 8 16 15 <1 21 <1 22 <1
BH085 Sud Whittlesea BH085/221214/0.28-0.6 0.28-0.6 Yes 32300 <5 7 - 80 3 <50 <1 - 66 10 18 440 37800 15 28 <0.1 <2 21 <50 <5 <2 110 10 <5 <5 100 69 18 4 5 <1 3 4 <1 2 4 4 <1 5 <1 77 <1
BH086 Sud Whittlesea BH086/221214/0.0-0.1 0-0.1 Yes 4070 <5 <5 - 20 <1 <50 <1 - 9 3 <5 60 5600 10 37 <0.1 <2 4 120 <5 <2 180 5 <5 <5 50 20 9 3 48 <1 <1 26 <1 <1 16 9 <1 61 <1 11 <1
BH086 Sud Whittlesea BH086/221214/0.4-0.5 0.4-0.5 Yes 21200 <5 <5 - 60 2 <50 <1 - 42 26 19 230 26600 8 22 <0.1 <2 33 <50 <5 <2 60 14 <5 <5 70 57 12 4 25 <1 1 16 <1 <1 11 8 <1 30 <1 61 <1
BH087 Sla Whittlesea BH087/231214/0.0-0.1 0-0.1 Yes 9390 <5 <5 - 100 1 <50 <1 - 18 10 9 240 12800 24 217 <0.1 <2 13 200 <5 <2 240 15 <5 <5 40 23 30 2 6 <1 <1 4 <1 <1 3 2 <1 9 <1 27 <1
BH087 Sla Whittlesea BH087/231214/0.4-0.6 0.4-0.6 Yes 20700 <5 5 - 90 2 <50 <1 - 48 18 21 440 37900 17 28 <0.1 <2 32 60 <5 <2 90 11 <5 <5 80 55 24 1 3 <1 <1 2 <1 <1 2 2 <1 5 <1 59 <1
BH088 Sla Whittlesea BH088/231214/0.0-0.1 0-0.1 Yes 4740 <5 <5 - 30 <1 <50 <1 - 10 <2 <5 130 5520 12 45 <0.1 <2 3 140 <5 <2 300 10 <5 <5 40 19 7 2 21 <1 1 11 <1 <1 8 5 <1 33 <1 13 <1
BH088 Sla Whittlesea BH088/231214/0.4-0.54 0.4-0.54 Yes 24400 29 <5 - 70 1 <50 <1 - 79 5 7 210 49700 13 13 <0.1 <2 14 <50 <5 <2 150 12 <5 <5 90 112 <5 7 16 <1 2 12 <1 <1 10 9 <1 21 <1 58 <1
BH089 Sla Whittlesea BH089/231214/0.0-0.1 0-0.1 Yes 4280 13 <5 - 20 <1 <50 <1 - 7 <2 <5 100 3660 17 21 <0.1 <2 2 80 <5 <2 230 9 <5 <5 40 18 8 6 39 <1 2 30 <1 <1 23 16 <1 44 <1 15 <1
BH089 Sla Whittlesea BH089/231214/0.3-0.6 0.3-0.6 Yes 23400 6 <5 - 50 <1 <50 <1 - 56 4 <5 350 30100 9 9 <0.1 <2 9 <50 <5 <2 160 13 <5 <5 50 85 <5 4 14 <1 <1 11 <1 <1 9 8 <1 15 <1 67 <1
BH090 Qvn Nillumbik BH090/231214/0.0-0.1 0-0.1 Yes 26300 <5 <5 - 100 1 <50 <1 - 83 52 42 190 47100 12 1040 <0.1 <2 93 340 <5 <2 400 64 <5 <5 1550 115 51 5 8 <1 5 7 <1 4 6 6 <1 10 <1 47 <1
BH090 Qvn Nillumbik BH090/231214/0.3-0.55 0.3-0.55 Yes 35400 5 <5 - 80 2 <50 <1 - 101 41 48 190 56000 7 785 <0.1 <2 128 130 <5 <2 170 72 <5 <5 1040 125 38 6 9 <1 4 8 <1 <1 8 7 <1 10 <1 58 <1
BH091 Qvn Nillumbik BH091/231214/0.0-0.1 0-0.1 Yes 27100 <5 <5 - 110 1 <50 <1 - 115 51 45 180 51800 14 910 <0.1 <2 148 600 <5 <2 490 71 <5 <5 2710 99 83 10 23 <1 4 20 <1 <1 18 16 <1 27 <1 38 <1
BH091 Qvn Nillumbik BH091/231214/0.4-0.6 0.4-0.6 Yes 10100 <5 <5 - 30 <1 <50 <1 - 37 38 24 130 25300 <5 360 <0.1 <2 108 260 <5 <2 80 11 <5 <5 270 32 16 34 59 <1 8 56 <1 <1 54 51 <1 60 <1 37 <1
BH092 Sla Manningham BH092/050115/0.0-0.05 0-0.05 Yes 6480 <5 6 - 100 <1 <50 <1 - 16 4 17 180 22500 52 119 <0.1 <2 10 140 <5 <2 240 15 <5 <5 70 24 27 41 43 3 41 43 3 37 42 42 3 45 24 16 34
BH092 Sla Manningham BH092/050115/0.3-0.35 0.3-0.35 Yes 8730 <5 6 - 70 2 <50 <1 - 18 6 12 270 22000 14 16 <0.1 <2 16 60 <5 <2 <50 4 <5 <5 60 19 33 31 33 3 31 32 3 26 32 32 3 34 18 21 24
BH093 Sla Manningham BH093/050115/0.0-0.1 0-0.1 Yes 7040 <5 <5 - 70 <1 <50 <1 - 13 13 11 210 18800 27 1310 <0.1 <2 10 170 <5 <2 160 13 <5 <5 60 18 39 8 14 4 8 13 4 4 12 11 4 16 4 24 4
BH093 Sla Manningham BH093/050115/0.3-0.5 0.3-0.5 Yes 9020 <5 <5 - 40 <1 <50 <1 - 21 6 11 260 26200 10 74 <0.1 <2 12 80 <5 <2 70 4 <5 <5 40 22 28 29 32 4 29 32 4 23 32 31 4 32 11 22 20
BH094 Sla Manningham BH094/050115/0.0-0.1 0-0.1 Yes 4760 <5 <5 - 40 <1 <50 <1 - 8 <2 7 80 11200 15 24 <0.1 <2 3 100 <5 <2 220 9 <5 <5 60 15 11 2 4 1 2 3 1 1 3 2 1 7 1 17 1
BH094 Sla Manningham BH094/050115/0.3-0.55 0.3-0.55 Yes 6960 <5 6 - 40 <1 <50 <1 - 22 <2 <5 100 34400 12 8 <0.1 <2 3 <50 <5 <2 80 <2 <5 <5 50 36 <5 7 9 1 7 8 1 4 8 7 1 10 1 20 3
BH095 Sla Manningham BH095/050115/0.0-0.1 0-0.1 Yes 6990 <5 <5 - 60 <1 <50 <1 - 12 6 10 150 19000 24 65 <0.1 <2 7 110 <5 <2 170 8 <5 <5 50 16 13 4 8 2 4 7 2 2 6 6 2 10 2 20 2
BH095 Sla Manningham BH095/050115/0.35-0.6 0.35-0.6 Yes 15800 <5 5 - 40 2 <50 <1 - 31 27 22 300 46600 9 14 <0.1 <2 19 60 <5 <2 170 <2 <5 <5 40 28 28 22 24 3 22 24 3 17 23 23 3 25 10 30 15
BH096 Sud Maroondah BH096/050115/0.0-0.05 0-0.05 Yes 4310 <5 <5 - 50 <1 <50 <1 - 6 <2 <5 80 3640 22 20 <0.1 <2 <2 140 <5 <2 310 17 <5 <5 50 9 9 4 8 1 4 6 1 3 6 5 1 18 1 13 3
BH096 Sud Maroondah BH096/050115/0.4-0.6 0.4-0.6 Yes 20900 <5 6 - 60 <1 <50 <1 - 41 <2 <5 260 29400 10 7 <0.1 <2 3 <50 <5 <2 80 4 <5 <5 40 45 <5 14 14 <1 14 14 <1 12 14 14 <1 18 10 45 12
BH097 Sla Banyule BH097/060115/0.0-0.1 0-0.1 Yes 8310 <5 <5 - 110 <1 <50 <1 - 15 6 8 160 11900 41 222 <0.1 <2 11 330 <5 <2 390 15 <5 <5 60 19 30 3 8 2 3 6 2 3 5 4 2 13 2 26 2
BH097 Sla Banyule BH097/060115/0.35-0.6 0.35-0.6 Yes 30800 <5 8 - 200 2 <50 <1 - 50 41 19 400 42900 17 73 <0.1 <2 50 140 <5 <2 130 16 <5 <5 60 47 40 10 13 2 10 12 2 8 12 11 2 14 7 56 8
BH098 Sla Banyule BH098/060115/0.0-0.1 0-0.1 Yes 6380 <5 <5 - 80 <1 <50 <1 - 12 3 9 170 9080 21 220 <0.1 <2 7 500 <5 <2 580 18 <5 <5 60 16 28 2 8 2 2 5 2 2 4 4 2 12 2 25 2
BH098 Sla Banyule BH098/060115/0.5-0.6 0.5-0.6 Yes 10900 <5 8 - 50 1 <50 <1 - 25 5 8 200 47200 17 32 <0.1 <2 14 150 <5 <2 130 11 <5 <5 60 34 24 18 23 3 18 21 3 15 20 20 3 26 7 24 13
BH099 Sud Banyule BH099/060115/0-0.1 0-0.1 Yes 4020 <5 <5 - 40 <1 <50 <1 - 8 <2 6 110 5930 18 104 <0.1 <2 5 410 <5 <2 600 16 <5 <5 60 16 24 5 13 3 5 11 3 3 10 8 3 19 3 16 3
BH099 Sud Banyule BH099/060115/0.43-0.6 0.43-0.6 Yes 24800 33 6 - 60 2 <50 <1 - 46 9 14 160 36500 14 21 <0.1 <2 20 60 <5 <2 140 14 <5 <5 90 51 15 3 8 2 3 6 2 2 6 5 2 12 2 34 2
BH100 Sla Banyule BH100/060115/0.0-0.1 0-0.1 Yes 13400 5 <5 - 130 <1 <50 <1 - 29 6 14 250 15800 14 105 <0.1 <2 17 240 <5 <2 240 17 <5 <5 110 24 47 <1 2 <1 <1 2 <1 <1 1 1 <1 3 <1 32 <1
BH100 Sla Banyule BH100/060115/0.35-0.6 0.35-0.6 Yes 11400 <5 <5 - 100 <1 <50 <1 - 26 3 10 240 9180 8 23 <0.1 <2 12 80 <5 <2 50 13 <5 <5 100 20 25 <1 1 <1 <1 <1 <1 <1 <1 <1 <1 3 <1 28 <1
BH101 Sla Banyule BH101/060115/0.0-0.1 0-0.1 Yes 4840 <5 <5 - 60 <1 <50 <1 - 8 2 6 90 5330 17 101 <0.1 <2 3 360 <5 <2 560 16 <5 <5 40 15 24 2 8 1 2 4 1 1 4 3 1 14 1 21 1
BH101 Sla Banyule BH101/060115/0.4-0.6 0.4-0.6 Yes 32400 <5 <5 - 130 2 <50 <1 - 44 10 11 220 33500 11 24 <0.1 <2 16 60 <5 <2 160 18 <5 <5 40 57 14 1 4 <1 1 2 <1 <1 2 2 <1 8 <1 51 1
BH102 Qvn Yarra BH102/060115/0.0-0.1 0-0.1 Yes 9250 <5 <5 - 80 <1 <50 <1 - 29 9 20 130 17900 93 272 0.2 <2 22 600 <5 <2 570 29 <5 <5 360 28 90 3 40 2 3 20 2 2 10 6 2 49 2 22 2
BH102 Qvn Yarra BH102/060115/0.3-0.45 0.3-0.45 Yes 22400 <5 <5 - 140 <1 <50 <1 - 58 30 35 150 47500 13 651 0.4 <2 82 700 <5 <2 170 44 <5 <5 600 51 54 9 34 3 9 21 3 6 16 13 3 42 3 32 5
BH103 Sud Boroondara BH103/070115/0.0-0.1 0-0.1 Yes 8020 <5 5 - 60 <1 <50 <1 - 18 3 8 250 20000 20 28 0.2 <2 14 200 <5 <2 330 9 <5 <5 70 26 26 13 20 3 13 16 3 8 15 14 3 28 3 23 7
BH103 Sud Boroondara BH103/070115/0.35-0.5 0.35-0.5 Yes 15500 <5 8 - 40 <1 <50 <1 - 32 9 12 310 30100 15 16 <0.1 <2 23 160 <5 <2 210 2 <5 <5 40 31 38 20 21 2 20 21 2 14 21 20 2 24 5 26 11
BH104 Sud Boroondara BH104/070115/0.0-0.1 0-0.1 Yes 7430 <5 13 - 70 <1 <50 <1 - 20 2 17 260 19800 66 151 0.1 <2 11 610 <5 <2 610 30 <5 <5 100 32 68 5 16 3 5 12 3 3 10 8 3 22 3 24 3
BH104 Sud Boroondara BH104/070115/0.35-0.6 0.35-0.6 Yes 14700 <5 24 - 180 2 <50 <1 - 50 5 23 470 35600 18 10 <0.1 <2 16 150 <5 <2 280 10 <5 <5 80 48 20 10 11 1 10 11 1 8 10 10 1 12 4 49 6
BH105 Sud Boroondara BH105/070115/0.0-0.1 0-0.1 Yes 6470 <5 <5 - 70 <1 <50 <1 - 16 10 9 240 20200 38 293 <0.1 <2 17 250 <5 <2 290 14 <5 <5 60 20 41 12 21 5 12 16 2 10 14 13 2 33 5 25 9
BH105 Sud Boroondara BH105/070115/0.3-0.35 0.3-0.35 Yes 6760 <5 <5 - 80 <1 <50 <1 - 19 9 7 300 23300 10 180 <0.1 <2 20 150 <5 <2 80 16 <5 <5 50 22 23 11 18 2 11 14 2 8 13 12 2 32 2 25 6
BH106 Sud Boroondara BH106/070115/0.0-0.05 0-0.05 Yes 6140 <5 18 - 60 <1 <50 <1 - 14 6 17 160 14100 46 302 0.1 <2 23 460 <5 <2 710 46 <5 <5 90 21 98 28 53 7 28 42 7 22 38 34 7 61 15 17 20
BH106 Sud Boroondara BH106/070115/0.4-0.6 0.4-0.6 Yes 17400 <5 24 - 110 <1 <50 <1 - 36 2 8 360 19500 11 14 <0.1 <2 7 50 <5 <2 200 19 <5 <5 60 50 18 5 13 3 5 9 3 3 9 8 3 22 3 49 3
BH107 Sud Boroondara BH107/070115/0.0-0.1 0-0.1 Yes 3790 28 12 - 70 <1 <50 <1 - 14 4 18 330 13900 54 217 0.2 <2 11 420 <5 <2 630 28 <5 <5 40 17 70 31 45 7 31 40 7 25 38 36 7 51 20 13 24
BH107 Sud Boroondara BH107/070115/0.3-0.4 0.3-0.4 Yes 5240 5 8 - 60 1 <50 <1 - 21 11 20 520 42800 14 136 <0.1 <2 28 300 <5 <2 120 15 <5 <5 40 27 55 12 17 4 12 15 4 9 15 14 4 21 8 31 9
BH108 Qvn Whittlesea BH108/081115/0-0.1 0-0.1 Yes 7940 <5 <5 - 20 <1 <50 <1 - 18 5 9 100 10200 19 79 <0.1 <2 8 150 <5 <2 300 14 <5 <5 70 30 20 3 6 <1 1 4 <1 <1 4 4 <1 9 <1 23 <1
BH108 Qvn Whittlesea BH108/081115/0.3-0.6 0.3-0.6 Yes 11700 <5 <5 - 30 <1 <50 <1 - 22 11 7 130 13100 5 54 <0.1 <2 14 <50 <5 <2 140 27 <5 <5 40 31 7 <1 2 <1 <1 1 <1 <1 1 <1 <1 4 <1 38 <1
BH109 Qvn Hume BH109/081115/0-0.1 0-0.1 Yes 11700 <5 <5 - 60 <1 <50 <1 - 30 10 10 120 18400 16 153 <0.1 <2 18 140 <5 <2 310 25 <5 <5 80 54 22 2 4 <1 1 3 <1 1 3 3 <1 7 <1 31 <1
BH109 Qvn Hume BH109/081115/0.35-0.6 0.35-0.6 Yes 17000 <5 <5 - 210 1 <50 <1 - 41 15 9 230 22400 7 122 <0.1 <2 33 <50 <5 <2 160 45 <5 <5 100 41 14 8 12 <1 6 11 <1 4 10 10 <1 14 <1 38 <1
BH110 Qvn Hume BH110/081115/0-0.1 0-0.1 Yes 7600 <5 <5 - 20 <1 <50 <1 - 16 3 6 90 10500 13 34 <0.1 <2 7 80 <5 <2 200 10 <5 <5 90 31 17 <1 3 <1 <1 2 <1 <1 2 1 <1 6 <1 22 <1
BH110 Qvn Hume BH110/081115/0.45-0.6 0.45-0.6 Yes 16500 <5 <5 - 110 <1 <50 <1 - 29 13 6 170 17800 7 89 <0.1 <2 20 <50 <5 <2 170 41 <5 <5 60 28 11 <1 1 <1 <1 1 <1 <1 <1 <1 <1 2 <1 49 <1
BH111 Qvn Hume BH111/081115/0-0.05 0-0.05 Yes 9750 <5 6 - 90 <1 <50 <1 - 28 11 11 90 17500 26 427 <0.1 <2 15 480 <5 <2 590 29 <5 <5 90 31 59 3 6 <1 2 4 <1 1 4 4 <1 11 <1 24 <1
BH111 Qvn Hume BH111/081115/0.3-0.35 0.3-0.35 Yes 13000 <5 <5 - 100 <1 <50 <1 - 43 12 13 110 21800 12 309 <0.1 <2 18 190 <5 <2 230 23 <5 <5 140 47 24 1 5 <1 <1 3 <1 <1 2 2 <1 10 <1 25 <1
BH112 Sud Mitchell BH112/090115/0.0-0.05 0-0.05 Yes 10600 <5 <5 - 130 <1 <50 <1 - 15 <2 9 130 9160 28 225 <0.1 <2 6 220 <5 <2 170 34 <5 <5 70 20 18 2 6 <1 <1 4 <1 <1 4 3 <1 10 <1 15 <1
BH112 Sud Mitchell BH112/090115/0.5-0.6 0.5-0.6 Yes 29600 <5 6 - 60 <1 <50 <1 - 74 <2 13 170 42500 10 17 <0.1 <2 5 70 <5 <2 190 6 <5 <5 60 78 9 <1 2 <1 <1 1 <1 <1 1 1 <1 4 <1 47 <1
BH113 Sud Mitchell BH113/090115/0.0-0.05 0-0.05 Yes 3740 <5 <5 - 40 <1 <50 <1 - 4 <2 <5 60 3360 7 16 <0.1 <2 <2 60 <5 <2 100 3 <5 <5 50 7 <5 3 5 <1 2 4 <1 <1 4 3 <1 16 <1 10 <1
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BH113 Sud Mitchell BH113/090115/0.5-0.6 0.5-0.6 Yes 25400 <5 9 - 60 <1 <50 <1 - 37 <2 <5 190 31200 8 12 <0.1 <2 4 <50 <5 <2 100 4 <5 <5 50 45 5 <1 2 <1 <1 1 <1 <1 1 1 <1 12 <1 43 <1
BH114 Sud Mitchell BH114/090115/0.0-0.1 0-0.1 Yes 6650 <5 <5 - 30 <1 <50 <1 - 13 <2 <5 150 16000 8 6 <0.1 <2 3 100 <5 <2 110 <2 <5 <5 30 15 5 14 15 4 13 15 <1 11 14 14 <1 19 8 14 <1
BH114 Sud Mitchell BH114/090115/0.3-0.4 0.3-0.4 Yes 11700 33 <5 - 30 <1 <50 <1 - 23 <2 <5 240 23000 7 6 <0.1 <2 3 90 <5 <2 60 <2 <5 <5 40 18 8 16 16 <1 13 16 <1 10 16 16 <1 18 8 26 <1
BH115 Sud Mitchell BH115/090115/0.0-0.1 0-0.1 Yes 7540 8 <5 - 60 <1 <50 <1 - 13 3 <5 190 16700 10 74 <0.1 <2 8 210 <5 <2 240 7 <5 <5 80 19 14 8 11 <1 4 10 <1 1 10 9 <1 12 <1 20 <1
BH115 Sud Mitchell BH115/090115/0.3-0.6 0.3-0.6 Yes 10900 <5 <5 - 50 <1 <50 <1 - 16 3 <5 220 15700 9 15 <0.1 <2 8 60 <5 <2 70 <2 <5 <5 50 20 11 9 10 <1 7 10 <1 3 10 10 <1 11 <1 28 <1
BH116 Sud Mitchell BH116/090115/0.0-0.15 0-0.15 Yes 7630 <5 <5 - 70 <1 <50 <1 - 12 6 6 160 13900 17 410 <0.1 <2 9 280 <5 <2 450 20 <5 <5 130 18 19 2 4 <1 <1 4 <1 <1 3 3 <1 8 <1 20 <1
BH116 Sud Mitchell BH116/090115/0.3-0.55 0.3-0.55 Yes 5070 <5 <5 - 20 <1 <50 <1 - 11 <2 <5 130 12400 7 26 <0.1 <2 3 50 <5 <2 70 <2 <5 <5 60 17 5 2 4 <1 <1 3 <1 <1 3 3 <1 8 <1 19 <1
BH117 Qvn Whittlesea BH117/120115/0.0-0.1 0-0.1 Yes 17200 <5 <5 - 130 <1 <50 <1 - 37 10 12 120 20700 12 193 <0.1 <2 18 180 <5 <2 340 37 <5 <5 70 40 24 <1 2 <1 <1 2 <1 <1 1 1 <1 4 <1 35 <1
BH117 Qvn Whittlesea BH117/120115/0.3-0.5 0.3-0.5 Yes 23200 <5 <5 - 230 1 <50 <1 - 49 31 14 140 34400 7 325 <0.1 <2 52 220 <5 <2 150 44 <5 <5 470 55 25 3 11 <1 1 9 <1 <1 8 6 <1 14 <1 42 <1
BH118 Qvn Hume BH118/120115/0.0-0.1 0-0.1 Yes 11200 <5 <5 - 30 <1 <50 <1 - 26 5 5 140 24100 16 25 <0.1 <2 6 230 <5 <2 350 8 <5 <5 60 90 11 <1 3 <1 <1 2 <1 <1 2 1 <1 5 <1 29 <1
BH118 Qvn Hume BH118/120115/0.35-0.6 0.35-0.6 Yes 26000 <5 <5 - 30 <1 <50 <1 - 46 7 7 200 42900 11 16 <0.1 <2 9 <50 <5 <2 210 20 <5 <5 40 103 9 4 5 <1 2 4 <1 <1 4 4 <1 6 <1 63 <1
BH119 Qvn Hume BH119/120115/0.0-0.05 0-0.05 Yes 23100 <5 <5 - 240 2 <50 <1 - 51 24 21 210 45600 8 832 <0.1 <2 34 1010 <5 <2 690 54 <5 <5 750 74 63 2 6 <1 <1 4 <1 <1 4 3 <1 8 <1 24 <1
BH119 Qvn Hume BH119/120115/0.3-0.4 0.3-0.4 Yes 29100 <5 <5 - 70 1 <50 <1 - 59 19 11 480 32700 6 495 <0.1 <2 36 120 <5 <2 210 30 <5 <5 200 59 19 8 14 <1 5 13 <1 <1 12 11 <1 16 <1 38 <1
BH120 Qvn Hume BH120/120115/0.0-0.1 0-0.1 Yes 31800 <5 <5 - 290 2 <50 <1 - 59 25 28 120 56500 <5 670 <0.1 <2 62 2260 <5 <2 220 50 <5 <5 1280 77 74 1 19 <1 <1 9 <1 <1 6 4 <1 28 <1 22 <1
BH120 Qvn Hume BH120/120115/0.3-0.6 0.3-0.6 Yes 11000 <5 <5 - 40 <1 <50 <1 - 24 9 8 150 19000 9 376 <0.1 <2 11 400 <5 <2 370 17 <5 <5 170 38 21 <1 15 <1 <1 6 <1 <1 4 2 <1 24 <1 47 <1
BH121 Qvn Melton BH121/120115/0.0-0.1 0-0.1 Yes 24600 <5 <5 - 160 1 <50 <1 - 49 15 16 80 31400 6 435 <0.1 <2 41 130 <5 <2 160 57 <5 <5 210 44 29 1 8 <1 <1 4 <1 <1 3 2 <1 14 <1 28 <1
BH121 Qvn Melton BH121/120115/0.3-0.4 0.3-0.4 Yes 21200 <5 <5 - 60 1 <50 <1 - 57 27 14 160 33000 14 862 <0.1 <2 23 200 <5 <2 270 21 <5 <5 250 76 22 2 7 <1 <1 4 <1 <1 3 3 <1 12 <1 46 <1
BH122 Sud Mitchell BH122/140115/0-0.05 0-0.05 Yes 10500 <5 6 - 50 <1 <50 <1 - 26 6 10 160 25400 12 137 <0.1 <2 19 320 <5 <2 440 8 <5 <5 80 24 42 5 10 2 5 9 2 2 8 7 2 12 2 27 2
BH122 Sud Mitchell BH122/140115/0.5-0.6 0.5-0.6 Yes 27100 <5 10 - 80 2 <50 <1 - 57 17 26 280 49800 15 25 <0.1 <2 39 130 <5 <2 120 9 <5 <5 90 44 58 3 5 2 3 5 2 2 4 4 2 6 2 49 2
BH123 Sud Mitchell BH123/140115/0-0.1 0-0.1 Yes 4820 <5 <5 - 50 <1 <50 <1 - 13 4 <5 130 13500 9 69 <0.1 <2 6 150 <5 <2 220 3 <5 <5 40 16 15 1 5 <1 1 2 <1 <1 2 2 <1 17 <1 13 1
BH123 Sud Mitchell BH123/140115/0.5-0.6 0.5-0.6 Yes 4600 <5 <5 - 30 <1 <50 <1 - 20 6 <5 100 16400 9 63 <0.1 <2 3 <50 <5 <2 <50 3 <5 <5 30 15 6 <1 1 <1 <1 <1 <1 <1 <1 <1 <1 8 <1 19 <1
BH124 Sud Mitchell BH124/140115/0-0.1 0-0.1 Yes 9190 <5 <5 - 90 1 <50 <1 - 16 12 11 260 10100 12 570 <0.1 <2 10 430 <5 <2 420 14 <5 <5 30 16 21 2 4 <1 2 2 <1 <1 2 2 <1 8 <1 29 1
BH124 Sud Mitchell BH124/140115/0.3-0.35 0.3-0.35 Yes 9530 <5 <5 - 60 <1 <50 <1 - 18 5 9 220 11900 8 98 <0.1 <2 8 110 <5 <2 80 6 <5 <5 30 18 15 <1 3 <1 <1 2 <1 <1 1 <1 <1 8 <1 31 <1
BH125 Sud Mitchell BH125/140115/0-0.05 0-0.05 Yes 8220 31 5 - 40 1 <50 <1 - 20 6 12 190 24600 9 43 <0.1 <2 10 180 <5 <2 260 6 <5 <5 40 26 22 12 19 3 12 16 3 8 15 14 3 30 3 24 7
BH125 Sud Mitchell BH125/140115/0.3-0.45 0.3-0.45 Yes 7300 7 <5 - 100 1 <50 <1 - 21 13 14 400 17100 6 24 0.1 <2 13 100 <5 <2 150 9 <5 <5 20 11 37 10 13 8 10 12 1 9 12 11 1 14 8 32 8
BH126 Sud Mitchell BH126/140115/0-0.05 0-0.05 Yes 5700 14 13 - 40 <1 <50 <1 - 25 7 8 150 54200 15 94 <0.1 <2 17 440 <5 <2 360 14 <5 <5 80 33 32 15 21 6 15 20 6 10 19 18 6 25 6 14 9
BH126 Sud Mitchell BH126/140115/0.35-0.6 0.35-0.6 Yes 24200 <5 14 - 50 2 <50 <1 - 50 14 23 480 51800 15 17 <0.1 <2 32 100 <5 <2 280 7 <5 <5 50 45 37 1 2 <1 1 2 <1 <1 2 2 <1 2 <1 68 1
BH127 Sud Mitchell BH127/160115/0-0.05 0-0.05 Yes 3430 <5 <5 - 30 <1 <50 <1 - 6 <2 <5 50 4940 10 16 <0.1 <2 <2 80 <5 <2 90 3 <5 <5 50 9 <5 3 20 <1 2 9 <1 <1 6 4 <1 41 <1 13 <1
BH127 Sud Mitchell BH127/160115/0.35-0.6 0.35-0.6 Yes 24400 <5 6 - 40 <1 <50 <1 - 60 3 8 440 51600 12 8 <0.1 <2 5 70 <5 <2 70 3 <5 <5 60 65 5 4 6 <1 3 6 <1 2 5 5 <1 8 <1 69 <1
BH128 Sud Mitchell BH128/160115/0-0.1 0-0.1 Yes 19200 <5 10 - 150 <1 <50 <1 - 18 <2 <5 80 15800 20 298 <0.1 <2 9 380 <5 <2 320 48 <5 <5 80 26 8 31 37 3 27 34 <1 19 34 33 <1 51 3 15 <1
BH128 Sud Mitchell BH128/160115/0.45-0.6 0.45-0.6 Yes 15000 <5 9 - 70 <1 <50 <1 - 24 <2 <5 140 22300 9 9 <0.1 <2 4 240 <5 <2 <50 32 <5 <5 80 35 <5 5 16 <1 4 8 <1 2 7 6 <1 37 <1 43 <1
BH129 Sud Mitchell BH129/160115/0-0.05 0-0.05 Yes 7140 <5 8 - 50 <1 <50 <1 - 21 2 7 220 26000 14 78 <0.1 <2 6 170 <5 <2 250 22 <5 <5 80 24 12 24 37 <1 17 33 <1 7 30 28 <1 43 2 17 <1
BH129 Sud Mitchell BH129/160115/0.5-0.6 0.5-0.6 Yes 14800 <5 16 - 80 2 <50 <1 - 38 8 24 670 44900 13 22 <0.1 <2 14 <50 <5 <2 210 7 <5 <5 60 37 20 6 11 <1 3 10 <1 <1 10 9 <1 12 <1 51 <1
BH130 Sud Mitchell BH130/160115/0-0.1 0-0.1 Yes 6120 <5 5 - 40 <1 <50 <1 - 16 6 <5 170 20900 10 34 <0.1 <2 11 90 <5 <2 60 3 <5 <5 40 17 17 44 48 5 38 47 <1 27 46 46 <1 57 15 12 <1
BH130 Sud Mitchell BH130/160115/0.5-0.6 0.5-0.6 Yes 18200 <5 10 - 30 2 <50 <1 - 40 30 21 530 39700 15 75 <0.1 <2 45 110 <5 <2 150 5 <5 <5 30 27 74 17 24 <1 10 23 <1 2 22 21 <1 25 <1 39 <1
BH131 Sud Mitchell BH131/160115/0-0.1 0-0.1 Yes 8360 <5 <5 - 110 <1 <50 <1 - 18 8 6 240 18600 11 659 <0.1 <2 13 340 <5 <2 230 16 <5 <5 70 18 26 14 19 <1 11 18 <1 5 18 17 <1 22 <1 19 <1
BH131 Sud Mitchell BH131/160115/0.3-0.4 0.3-0.4 Yes 11000 6 <5 - 70 <1 <50 <1 - 24 19 10 300 20900 14 336 <0.1 <2 15 140 <5 <2 <50 10 <5 <5 70 21 27 11 15 <1 7 14 <1 4 14 14 <1 17 <1 22 <1
BH132 Sla Nillumbik BH132/190115/0-0.05 0-0.05 Yes 5720 <5 <5 - 40 <1 <50 <1 - 17 5 <5 180 20100 12 77 <0.1 <2 4 110 <5 <2 130 8 <5 <5 40 24 8 20 25 2 16 24 <1 11 23 22 <1 29 5 20 <1
BH132 Sla Nillumbik BH132/190115/0.4-0.6 0.4-0.6 Yes 27100 <5 6 - 60 2 <50 <1 - 50 23 16 560 40400 13 13 <0.1 <2 14 70 <5 <2 90 4 <5 <5 40 52 24 8 11 <1 6 10 <1 <1 10 10 <1 12 <1 60 <1
BH133 Sud Nillumbik BH133/190115/0-0.1 0-0.1 Yes 7020 <5 <5 - 40 <1 <50 <1 - 19 <2 <5 210 25600 12 11 <0.1 <2 5 70 <5 <2 <50 2 <5 <5 40 24 10 34 36 1 30 35 <1 22 35 35 <1 39 8 14 <1
BH133 Sud Nillumbik BH133/190115/0.5-0.6 0.5-0.6 Yes 24100 <5 8 - 60 1 <50 <1 - 42 17 14 540 44400 18 14 <0.1 <2 22 60 <5 <2 110 4 <5 <5 30 39 52 19 22 <1 15 22 <1 9 22 21 <1 23 3 44 <1
BH134 Sud Nillumbik BH134/190115/0-0.05 0-0.05 Yes 3700 <5 <5 - 40 <1 <50 <1 - 4 <2 <5 100 3670 9 10 <0.1 <2 <2 60 <5 <2 60 4 <5 <5 20 6 <5 4 8 <1 3 6 <1 <1 6 5 <1 17 <1 15 <1
BH134 Sud Nillumbik BH134/190115/0.45-0.6 0.45-0.6 Yes 22400 <5 6 - 60 <1 <50 <1 - 35 <2 5 460 38700 12 7 <0.1 <2 4 <50 <5 <2 80 2 <5 <5 50 42 11 1 2 <1 <1 2 <1 <1 2 1 <1 6 <1 46 <1
BH135 Sud Nillumbik BH135/190115/0-0.1 0-0.1 Yes 2860 <5 <5 - 20 <1 <50 <1 - 5 <2 <5 220 6370 7 5 <0.1 <2 <2 60 <5 <2 <50 <2 <5 <5 20 7 <5 23 24 5 21 23 <1 17 23 23 <1 29 9 14 <1
BH135 Sud Nillumbik BH135/190115/0.4-0.55 0.4-0.55 Yes 15700 <5 <5 - 20 <1 <50 <1 - 25 <2 14 360 32500 14 9 <0.1 <2 5 100 <5 <2 80 <2 <5 <5 20 20 22 30 32 3 27 32 <1 20 32 32 <1 39 14 26 <1
BH136 Sud Nillumbik BH136/190115/0-0.05 0-0.05 Yes 5340 <5 <5 - 50 <1 <50 <1 - 6 <2 <5 140 5660 11 21 <0.1 <2 3 80 <5 <2 70 6 <5 <5 30 9 7 6 10 2 4 8 <1 3 8 7 <1 21 2 17 <1
BH136 Sud Nillumbik BH136/190115/0.5-0.6 0.5-0.6 Yes 33900 <5 7 - 80 <1 <50 <1 - 47 2 12 390 45800 16 16 <0.1 <2 10 90 <5 <2 90 2 <5 <5 50 48 36 2 3 <1 1 2 <1 <1 2 2 <1 5 <1 61 <1
BH137 Sud Mitchell BH137/220115/0.0-0.1 0-0.1 Yes 3310 <5 5 - 30 <1 <50 <1 - 10 <2 <5 130 25600 15 10 <0.1 <2 <2 120 <5 <2 110 4 <5 <5 70 11 <5 9 12 <1 7 11 <1 6 11 10 <1 17 <1 15 <1
BH137 Sud Mitchell BH137/220115/0.4-0.6 0.4-0.6 Yes 17700 <5 7 - 60 <1 <50 <1 - 30 <2 10 350 30100 10 <5 <0.1 <2 2 70 <5 <2 210 <2 <5 <5 50 29 6 8 9 <1 5 9 <1 3 9 9 <1 10 <1 37 <1
BH138 Sud Mitchell BH138/220115/0.0-0.1 0-0.1 Yes 4900 <5 6 - 40 <1 <50 <1 - 9 <2 <5 130 12400 9 132 <0.1 <2 5 160 <5 <2 190 14 <5 <5 60 14 7 9 21 <1 6 14 <1 4 12 11 <1 44 <1 14 <1
BH138 Sud Mitchell BH138/220115/0.35-0.5 0.35-0.5 Yes 17100 <5 13 - 150 1 <50 <1 - 33 4 11 360 29700 10 24 <0.1 <2 9 80 <5 <2 220 11 <5 <5 80 40 7 4 7 <1 3 5 <1 2 5 4 <1 21 <1 57 <1
BH139 Qvn Mitchell BH139/220115/0.0-0.1 0-0.1 Yes 8740 <5 <5 - 40 <1 <50 <1 - 14 4 6 90 7940 11 29 <0.1 <2 6 330 <5 <2 400 11 <5 <5 40 20 10 2 7 <1 <1 5 <1 <1 4 3 <1 11 <1 27 <1
BH139 Qvn Mitchell BH139/220115/0.35-0.6 0.35-0.6 Yes 6800 <5 <5 - 10 <1 <50 <1 - 10 3 <5 90 6140 7 6 <0.1 <2 5 <50 <5 <2 60 15 <5 <5 20 16 <5 <1 5 <1 <1 3 <1 <1 2 2 <1 8 <1 36 <1
BH140 Qvn Mitchell BH140/220115/0.0-0.1 0-0.1 Yes 11400 <5 <5 - 170 <1 <50 <1 - 39 11 9 150 20500 10 255 <0.1 <2 24 220 <5 <2 260 18 <5 <5 60 32 27 8 13 5 6 12 <1 5 11 10 <1 16 5 26 <1
BH140 Qvn Mitchell BH140/220115/0.4-0.6 0.4-0.6 Yes 31600 <5 <5 - 360 2 <50 <1 - 82 11 19 270 40000 11 45 <0.1 <2 48 70 <5 <2 90 24 <5 <5 40 54 33 8 10 <1 6 9 <1 5 9 8 <1 11 <1 57 <1
BH141 Tpb Greater Geelong BH141/060215/0.0-0.1 0-0.1 Yes 1450 <5 <5 - <10 <1 <50 <1 - 3 <2 <5 50 2620 <5 50 <0.1 <2 <2 120 <5 <2 130 3 <5 <5 40 8 6 2 53 <1 <1 22 <1 <1 13 6 <1 87 <1 4 <1
BH141 Tpb Greater Geelong BH141/060215/0.3-0.6 0.3-0.6 Yes 940 <5 <5 - <10 <1 <50 <1 - 4 <2 <5 <40 2760 <5 16 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 60 9 <5 <1 60 <1 <1 26 <1 <1 13 4 <1 89 <1 5 <1
BH142 Qvn Greater Geelong BH142/230115/0.0-0.1 0-0.1 Yes 7800 <5 8 - 50 <1 <50 <1 - 35 8 8 80 17100 6 212 <0.1 <2 21 270 <5 <2 290 13 <5 <5 400 38 14 6 44 <1 4 23 <1 1 15 10 <1 60 <1 14 <1
BH142 Qvn Greater Geelong BH142/230115/0.3-0.5 0.3-0.5 Yes 28500 <5 16 - 240 <1 <50 <1 - 70 22 27 90 53100 <5 552 <0.1 <2 85 730 <5 <2 100 38 <5 <5 1070 56 36 16 40 <1 7 30 <1 2 26 23 <1 47 <1 34 <1
BH143 Tpb Greater Geelong BH143/230115/0.0-0.1 0-0.1 Yes 5430 <5 14 - 20 <1 <50 <1 - 17 3 <5 110 18900 9 48 <0.1 <2 5 280 <5 <2 230 16 <5 <5 110 60 <5 4 28 <1 1 17 <1 <1 13 9 <1 38 <1 13 <1
BH143 Tpb Greater Geelong BH143/230115/0.3-0.6 0.3-0.6 Yes 29400 <5 32 - 30 2 <50 <1 - 58 17 <5 210 42400 12 22 <0.1 <2 22 60 <5 <2 140 16 <5 <5 120 152 9 3 15 <1 2 10 <1 1 8 6 <1 19 <1 61 <1
BH144 Tpb Greater Geelong BH144/230115/0.0-0.1 0-0.1 Yes 4380 <5 10 - 10 <1 <50 <1 - 15 <2 <5 100 18800 7 45 <0.1 <2 3 280 <5 <2 210 5 <5 <5 90 60 <5 16 55 <1 11 38 <1 4 31 25 <1 72 <1 9 <1
BH144 Tpb Greater Geelong BH144/230115/0.4-0.6 0.4-0.6 Yes 27700 <5 21 - 20 <1 <50 <1 - 68 6 <5 160 42400 12 12 <0.1 <2 11 <50 <5 <2 120 12 <5 <5 130 195 5 2 13 <1 1 4 <1 <1 3 3 <1 17 <1 68 <1
BH145 Qvn Greater Geelong BH145/230115/0.0-0.1 0-0.1 Yes 5840 <5 <5 - 20 <1 <50 <1 - 14 4 <5 90 7960 5 63 <0.1 <2 7 240 <5 <2 210 10 <5 <5 80 26 6 1 31 <1 <1 16 <1 <1 9 5 <1 45 <1 17 <1
BH145 Qvn Greater Geelong BH145/230115/0.4-0.6 0.4-0.6 Yes 11300 31 <5 - 120 <1 <50 <1 - 29 10 8 130 15200 <5 142 <0.1 2 32 <50 <5 <2 190 24 <5 <5 50 24 10 <1 18 <1 <1 9 <1 <1 6 3 <1 27 <1 43 <1
BH146 Qvn Greater Geelong BH146/230115/0.0-0.1 0-0.1 Yes 7930 <5 19 - 30 <1 <50 <1 - 46 7 <5 120 34300 11 93 <0.1 <2 14 190 <5 <2 210 10 <5 <5 160 182 8 7 24 <1 3 16 <1 <1 12 9 <1 39 <1 19 <1
BH146 Qvn Greater Geelong BH146/230115/0.4-0.6 0.4-0.6 Yes 17200 <5 <5 - 230 1 <50 <1 - 39 16 7 200 22600 6 182 <0.1 <2 36 <50 <5 <2 240 36 <5 <5 90 40 12 2 12 <1 <1 7 <1 <1 5 3 <1 20 <1 53 <1
BH147 Qvn Mitchell BH147/300115/0.0-0.1 0-0.1 Yes 6350 <5 <5 - 60 <1 <50 <1 - 16 5 7 120 10700 9 90 <0.1 <2 9 260 <5 <2 360 14 <5 <5 80 31 10 3 13 <1 <1 10 <1 <1 8 6 <1 15 <1 25 <1
BH147 Qvn Mitchell BH147/300115/0.4-0.6 0.4-0.6 Yes 16400 <5 <5 - 100 2 <50 <1 - 41 22 16 250 24600 10 49 <0.1 <2 51 <50 <5 <2 80 44 <5 <5 180 37 16 2 7 <1 <1 6 <1 <1 5 4 <1 9 <1 58 <1
BH148 Qvn Mitchell BH148/300115/0.0-0.1 0-0.1 Yes 3400 <5 <5 - 20 <1 <50 <1 - 8 <2 <5 90 6860 5 56 <0.1 <2 4 180 <5 <2 170 7 <5 <5 30 33 <5 12 36 <1 3 31 <1 <1 28 22 <1 40 <1 14 <1
BH148 Qvn Mitchell BH148/300115/0.35-0.6 0.35-0.6 Yes 8970 <5 <5 - <10 <1 <50 <1 - 18 3 <5 190 12300 6 9 <0.1 <2 8 <50 <5 <2 60 16 <5 <5 30 27 5 14 26 <1 7 24 <1 1 22 20 <1 29 <1 39 <1
BH149 Qvn Mitchell BH149/300115/0.0-0.1 0-0.1 Yes 25500 <5 <5 - 140 1 <50 <1 - 162 34 27 70 60100 10 741 <0.1 <2 76 630 <5 <2 400 28 <5 <5 1120 103 52 5 11 <1 2 9 <1 1 8 6 <1 16 <1 30 <1
BH149 Qvn Mitchell BH149/300115/0.3-0.6 0.3-0.6 Yes 50500 <5 <5 - 480 1 <50 <1 - 204 59 50 60 79700 <5 777 <0.1 <2 202 440 <5 <2 70 98 <5 <5 1820 116 53 9 31 <1 4 23 <1 <1 19 15 <1 41 <1 23 <1
BH150 Sud Mitchell BH150/300115/0.0-0.1 0-0.1 Yes 10600 <5 <5 - 110 <1 <50 <1 - 29 10 9 180 19700 10 210 <0.1 <2 21 210 <5 <2 250 26 <5 <5 50 32 20 2 4 <1 <1 3 <1 <1 3 2 <1 7 <1 33 <1
BH150 Sud Mitchell BH150/300115/0.3-0.6 0.3-0.6 Yes 9490 <5 <5 - 160 <1 <50 <1 - 35 15 13 190 18600 10 972 <0.1 <2 26 190 <5 <2 80 29 <5 <5 100 34 23 <1 7 <1 <1 4 <1 <1 3 2 <1 10 <1 28 <1
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BH151 Tpb Greater Geelong BH151/020215/0.0-0.1 0-0.1 Yes 8170 <5 10 - 30 <1 <50 <1 - 17 <2 6 70 18200 86 50 <0.1 <2 6 590 <5 <2 640 15 <5 7 60 43 77 12 43 <1 10 17 <1 7 14 13 <1 59 <1 14 <1
BH151 Tpb Greater Geelong BH151/020215/0.4-0.6 0.4-0.6 Yes 35000 <5 17 - 10 <1 <50 <1 - 61 4 <5 170 49000 14 8 <0.1 <2 13 60 <5 <2 340 10 <5 <5 100 126 7 3 20 <1 3 4 <1 2 4 4 <1 28 <1 54 <1
BH152 Tpb Greater Geelong BH152/020215/0.0-0.1 0-0.1 Yes 5860 <5 10 - 20 <1 <50 <1 - 12 2 <5 50 12200 73 99 <0.1 <2 4 400 <5 <2 1040 35 <5 <5 40 32 177 5 36 <1 2 12 <1 <1 9 7 <1 74 <1 14 <1
BH152 Tpb Greater Geelong BH152/020215/0.4-0.6 0.4-0.6 Yes 4230 <5 <5 - 20 <1 <50 <1 - 9 <2 <5 40 7790 7 27 <0.1 <2 3 70 <5 <2 240 19 <5 <5 30 23 18 <1 30 <1 <1 8 <1 <1 4 2 <1 64 <1 14 <1
BH153 Tpb Greater Geelong BH153/020215/0.0-0.1 0-0.1 Yes 9390 <5 6 - 10 <1 <50 <1 - 30 <2 <5 90 32400 12 80 <0.1 <2 5 80 <5 <2 360 14 <5 <5 80 64 <5 8 36 <1 4 17 <1 <1 13 11 <1 56 <1 21 <1
BH153 Tpb Greater Geelong BH153/020215/0.35-0.6 0.35-0.6 Yes 46100 <5 14 - 20 1 <50 <1 - 82 9 <5 240 65600 12 22 <0.1 <2 18 50 <5 <2 350 20 <5 <5 110 146 <5 2 6 <1 1 3 <1 <1 3 2 <1 9 <1 70 <1
BH154 Tpb Greater Geelong BH154/020215/0.0-0.1 0-0.1 Yes 7440 <5 8 - 10 <1 <50 <1 - 22 <2 <5 70 22800 10 117 <0.1 <2 3 410 <5 <2 410 11 <5 <5 60 61 7 4 36 <1 2 8 <1 <1 6 5 <1 65 <1 14 <1
BH154 Tpb Greater Geelong BH154/020215/0.45-0.6 0.45-0.6 Yes 29500 <5 8 - <10 <1 <50 <1 - 48 3 <5 120 36200 7 17 <0.1 <2 8 <50 <5 <2 130 15 <5 <5 80 89 <5 <1 17 <1 <1 <1 <1 <1 <1 <1 <1 33 <1 57 <1
BH155 Tpb Greater Geelong BH155/020215/0.0-0.1 0-0.1 Yes 8050 <5 18 - 20 <1 <50 <1 - 21 3 <5 140 20200 8 77 <0.1 <2 9 390 <5 <2 620 533 <5 <5 80 47 7 <1 83 <1 <1 11 <1 <1 2 1 <1 95 <1 5 <1
BH155 Tpb Greater Geelong BH155/020215/0.4-0.6 0.4-0.6 Yes 2130 <5 20 - 20 <1 <50 <1 - 13 <2 <5 220 9970 <5 68 <0.1 <2 4 360 <5 <2 620 813 <5 <5 80 26 <5 3 55 <1 2 8 <1 <1 5 4 <1 74 <1 15 <1
BH156 Tpb Greater Geelong BH156/030215/0.0-0.1 0-0.1 Yes 18700 <5 18 - 30 <1 <50 <1 - 33 6 17 200 26100 47 148 <0.1 <2 18 730 <5 <2 1210 98 <5 <5 60 54 57 <1 9 <1 <1 2 <1 <1 2 1 <1 14 <1 42 <1
BH156 Tpb Greater Geelong BH156/030215/0.4-0.6 0.4-0.6 Yes 16900 <5 17 - 30 1 <50 <1 - 30 6 15 80 24800 45 130 <0.1 <2 17 670 <5 <2 1120 89 <5 <5 60 49 51 2 23 <1 <1 5 <1 <1 4 3 <1 72 <1 7 <1
BH157 Tpb Greater Geelong BH157/030215/0.0-0.1 0-0.1 Yes 870 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 1270 7 18 <0.1 <2 <2 120 <5 <2 220 6 <5 <5 40 <5 10 12 77 <1 2 52 <1 <1 36 27 <1 85 <1 7 <1
BH157 Tpb Greater Geelong BH157/030215/0.3-0.6 0.3-0.6 Yes 3860 <5 31 - 10 <1 <50 <1 - 7 <2 <5 50 13900 10 20 <0.1 <2 2 200 <5 <2 230 10 <5 <5 40 49 <5 3 50 <1 <1 27 <1 <1 17 9 <1 64 <1 13 <1
BH158 Tpb Greater Geelong BH158/030215/0.0-0.1 0-0.1 Yes 5440 <5 <5 - 10 <1 <50 <1 - 11 <2 <5 40 11000 12 44 <0.1 <2 4 100 <5 <2 260 12 <5 <5 60 24 20 5 44 <1 3 15 <1 <1 9 7 <1 67 <1 12 <1
BH158 Tpb Greater Geelong BH158/030215/0.4-0.6 0.4-0.6 Yes 43400 <5 16 - 20 1 <50 <1 - 76 8 <5 200 59400 10 14 <0.1 <2 20 <50 <5 <2 200 17 <5 <5 110 133 6 1 4 <1 <1 2 <1 <1 2 1 <1 7 <1 75 <1
BH159 Tpb Greater Geelong BH159/030215/0.0-0.1 0-0.1 Yes 8660 <5 10 - 50 <1 <50 <1 - 17 5 7 100 14200 21 118 <0.1 <2 13 170 <5 <2 250 18 <5 <5 100 34 26 4 41 <1 3 19 <1 <1 12 8 <1 62 <1 20 <1
BH159 Tpb Greater Geelong BH159/030215/0.3-0.6 0.3-0.6 Yes 32300 <5 21 - 800 2 <50 <1 - 52 14 10 260 36100 8 118 <0.1 <2 36 70 <5 <2 320 67 <5 <5 80 76 20 1 13 <1 1 5 <1 1 3 2 <1 25 <1 59 <1
BH160 Tpb Greater Dandenong BH160/280815/0.0-0.1 0-0.1 Yes 3560 6 <5 - 20 <1 <50 <1 - 6 <2 <5 70 3890 14 46 <0.1 <2 <2 210 <5 <2 470 7 <5 <5 40 18 15 1 42 <1 <1 24 <1 <1 14 7 <1 48 <1 15 <1
BH160 Tpb Greater Dandenong BH160/280815/0.3-0.6 0.3-0.6 Yes 20700 <5 <5 - 40 <1 <50 <1 - 26 <2 6 270 17900 13 8 <0.1 <2 4 <50 <5 <2 220 15 <5 <5 20 58 <5 1 19 <1 <1 11 <1 <1 7 4 <1 22 <1 57 <1
BH161 Qvn Greater Geelong BH161/040215/0.0-0.1 0-0.1 Yes 9520 <5 6 - 20 <1 <50 <1 - 27 8 6 80 15700 6 209 <0.1 <2 13 270 <5 <2 220 12 <5 <5 120 37 13 4 56 <1 3 29 <1 <1 15 8 <1 62 <1 19 <1
BH161 Qvn Greater Geelong BH161/040215/0.55-0.6 0.55-0.6 Yes 35600 <5 <5 - 740 1 50 <1 - 75 21 18 250 38500 8 488 <0.1 <2 48 120 <5 <2 570 162 <5 <5 220 66 31 2 16 <1 <1 10 <1 <1 6 4 <1 17 <1 45 <1
BH162 Qvn Greater Geelong BH162/040215/0.0-0.1 0-0.1 Yes 19300 <5 <5 - 100 <1 <50 <1 - 46 18 13 120 25700 13 281 <0.1 <2 39 280 <5 <2 360 31 <5 <5 190 48 33 9 27 <1 5 19 <1 2 16 13 <1 35 <1 33 <1
BH162 Qvn Greater Geelong BH162/040215/0.3-0.6 0.3-0.6 Yes 23600 <5 <5 - 590 <1 <50 <1 - 48 11 10 360 25900 <5 148 <0.1 <2 39 70 <5 <2 750 346 <5 <5 160 41 7 6 23 <1 3 17 <1 1 14 11 <1 29 <1 45 <1
BH163 Qvn Greater Geelong BH163/040215/0.0-0.1 0-0.1 Yes 10700 <5 <5 - 30 <1 <50 <1 - 37 13 10 80 19100 9 265 <0.1 <2 22 320 <5 <2 330 19 <5 <5 260 44 22 4 23 <1 2 12 <1 <1 9 6 <1 40 <1 20 <1
BH163 Qvn Greater Geelong BH163/040215/0.4-0.6 0.4-0.6 Yes 31600 <5 6 - 40 1 <50 <1 - 86 18 20 160 41400 6 318 <0.1 <2 74 170 <5 <2 220 48 <5 <5 320 78 30 <1 7 <1 <1 2 <1 <1 1 <1 <1 16 <1 48 <1
BH164 Qvn Greater Geelong BH164/040215/0.0-0.1 0-0.1 Yes 11100 <5 <5 - 30 <1 <50 <1 - 32 13 10 100 17800 11 268 <0.1 <2 23 350 <5 <2 360 28 <5 <5 160 42 22 3 17 <1 2 8 <1 <1 6 4 <1 32 <1 22 <1
BH164 Qvn Greater Geelong BH164/040215/0.3-0.6 0.3-0.6 Yes 22300 <5 <5 - 40 <1 <50 <1 - 64 18 17 110 31600 6 306 <0.1 <2 50 120 <5 <2 150 41 <5 <5 280 63 24 <1 8 <1 <1 3 <1 <1 2 <1 <1 22 <1 41 <1
BH165 Qvn Greater Geelong BH165/040215/0.0-0.1 0-0.1 Yes 21500 <5 5 - 30 1 <50 <1 - 62 16 14 140 33700 12 355 <0.1 <2 31 410 <5 <2 290 18 <5 <5 230 86 18 4 18 <1 3 11 <1 <1 8 6 <1 23 <1 34 <1
BH165 Qvn Greater Geelong BH165/040215/0.5-0.6 0.5-0.6 Yes 27700 <5 <5 - 1890 <1 <50 <1 - 52 10 11 360 25200 <5 193 <0.1 <2 49 70 <5 <2 970 382 <5 <5 130 39 <5 11 26 <1 6 20 <1 2 18 15 <1 30 <1 42 <1
BH166 Qvn Mitchell BH166/040215/0-0.1 0-0.1 Yes 44100 <5 <5 - 230 1 <50 <1 - 85 21 21 140 45300 10 534 <0.1 <2 57 160 <5 <2 280 110 <5 <5 190 74 35 3 7 <1 2 5 <1 <1 4 4 <1 8 <1 67 <1
BH166 Qvn Mitchell BH166/040215/0.35-0.6 0.35-0.6 Yes 42000 <5 <5 - 130 1 <50 <1 - 79 24 22 130 42800 11 689 <0.1 <2 57 130 <5 <2 190 91 <5 <5 140 69 31 1 4 <1 1 3 <1 1 2 2 <1 5 <1 63 <1
BH167 Qvn Mitchell BH167/050215/0-0.1 0-0.1 Yes 14700 <5 <5 - 130 1 <50 <1 - 90 35 15 110 42300 12 348 <0.1 <2 37 480 <5 <2 460 28 <5 <5 260 111 24 4 10 <1 <1 9 <1 <1 8 7 <1 11 <1 31 <1
BH167 Qvn Mitchell BH167/050215/0.4-0.6 0.4-0.6 Yes 24100 <5 <5 - 140 2 <50 <1 - 149 21 23 180 9390 12 52 <0.1 <2 50 120 <5 <2 140 28 <5 <5 210 171 21 11 17 <1 3 16 <1 <1 16 16 <1 18 <1 39 <1
BH168 Qvn Mitchell BH168/050215/0-0.1 0-0.1 Yes 13400 <5 <5 - 50 <1 <50 <1 - 58 10 10 80 36500 10 162 <0.1 <2 20 440 <5 <2 540 24 <5 <5 210 84 18 3 7 <1 2 6 <1 <1 5 5 <1 10 <1 20 <1
BH168 Qvn Mitchell BH168/050215/0.35-0.6 0.35-0.6 Yes 35800 <5 <5 - 50 2 <50 <1 - 142 20 15 160 9000 13 45 <0.1 <2 48 120 <5 <2 160 18 <5 <5 320 167 14 <1 2 <1 <1 2 <1 <1 2 1 <1 9 <1 12 <1
BH169 Tpb Greater Geelong BH169/060215/0.0-0.1 0-0.1 Yes 1610 <5 <5 - <10 <1 <50 <1 - 3 <2 <5 40 2290 <5 19 <0.1 <2 <2 150 <5 <2 140 2 <5 <5 30 7 <5 2 52 <1 <1 25 <1 <1 13 6 <1 83 <1 6 <1
BH169 Tpb Greater Geelong BH169/060215/0.4-0.6 0.4-0.6 Yes 1390 <5 <5 - <10 <1 <50 <1 - 3 <2 <5 <40 1970 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 40 8 <5 1 47 <1 <1 20 <1 <1 10 4 <1 84 <1 6 <1
BH170 Tpb Greater Geelong BH170/060215/0.0-0.1 0-0.1 Yes 5930 <5 <5 - 30 <1 <50 <1 - 14 3 5 70 9330 7 83 <0.1 <2 8 430 <5 <2 350 17 <5 <5 80 27 11 3 33 <1 2 15 <1 <1 9 6 <1 55 <1 14 <1
BH170 Tpb Greater Geelong BH170/060215/0.35-0.6 0.35-0.6 Yes 34800 <5 8 - 80 2 <50 <1 - 67 17 14 210 38900 10 67 <0.1 <2 49 80 <5 <2 140 44 <5 <5 90 70 21 <1 13 <1 <1 5 <1 <1 3 2 <1 28 <1 56 <1
BH171 Tpb Greater Geelong BH171/060215/0.0-0.1 0-0.1 Yes 2070 <5 <5 - 10 <1 <50 <1 - 4 <2 <5 40 3560 6 31 <0.1 <2 3 110 <5 <2 190 6 <5 <5 50 11 9 5 45 <1 4 20 <1 <1 11 7 <1 78 <1 7 <1
BH171 Tpb Greater Geelong BH171/060215/0.4-0.6 0.4-0.6 Yes 2860 <5 <5 - <10 <1 <50 <1 - 4 <2 <5 60 4380 <5 6 <0.1 <2 <2 <50 <5 <2 <50 2 <5 <5 40 12 <5 <1 39 <1 <1 13 <1 <1 6 2 <1 82 <1 6 <1
BH172 Qvn Greater Geelong BH172/060215/0.0-0.1 0-0.1 Yes 15100 <5 <5 - 70 <1 <50 <1 - 35 19 11 170 19600 15 375 <0.1 <2 24 510 <5 <2 500 26 <5 <5 100 57 26 2 13 <1 <1 7 <1 <1 4 3 <1 18 <1 42 <1
BH172 Qvn Greater Geelong BH172/060215/0.45-0.55 0.45-0.55 Yes 24600 <5 <5 - 590 <1 <50 <1 - 54 20 18 230 37000 6 354 <0.1 <2 53 300 <5 <2 440 64 <5 <5 190 76 25 8 13 <1 6 12 <1 4 11 10 <1 16 4 56 <1
BH173 Qvn Greater Geelong BH173/090215/0.0-0.1 0-0.1 Yes 16200 <5 <5 - 30 <1 <50 <1 - 46 16 12 130 26200 11 228 <0.1 <2 23 290 <5 <2 300 14 <5 <5 190 69 17 1 17 <1 <1 8 <1 <1 5 3 <1 22 <1 39 <1
BH173 Qvn Greater Geelong BH173/090215/0.45-0.6 0.45-0.6 Yes 31000 <5 <5 - 250 1 <50 <1 - 65 16 13 230 34900 8 264 <0.1 <2 49 80 <5 <2 350 45 <5 <5 210 63 20 <1 9 <1 <1 4 <1 <1 2 1 <1 12 <1 58 <1
BH174 Qvn Greater Geelong BH174/090215/0.0-0.1 0-0.1 Yes 21900 <5 <5 - 50 <1 <50 <1 - 51 20 12 270 25800 8 268 <0.1 <2 35 230 <5 <2 280 22 <5 <5 240 50 17 1 23 <1 <1 14 <1 <1 8 4 <1 29 <1 41 <1
BH174 Qvn Greater Geelong BH174/090215/0.35-0.6 0.35-0.6 Yes 31100 <5 <5 - 390 1 <50 <1 - 70 17 13 220 35200 8 282 <0.1 <2 57 70 <5 <2 550 60 <5 <5 230 59 21 <1 11 <1 <1 7 <1 <1 4 2 <1 15 <1 60 <1
BH175 Qvn Greater Geelong BH175/090215/0.0-0.1 0-0.1 Yes 19700 <5 <5 - 120 1 <50 <1 - 49 18 13 170 29700 10 203 <0.1 <2 44 420 <5 <2 360 32 <5 <5 200 54 23 8 22 <1 6 15 <1 3 13 11 <1 29 2 41 <1
BH175 Qvn Greater Geelong BH175/090215/0.55-0.6 0.55-0.6 Yes 26600 <5 <5 - 1340 <1 <50 <1 - 54 15 7 460 26400 <5 126 <0.1 <2 53 60 <5 <2 1090 386 <5 <5 270 38 6 8 18 <1 6 14 <1 2 12 11 <1 22 1 51 <1
BH176 Qvn Greater Geelong BH176/090215/0.0-0.1 0-0.1 Yes 10700 <5 <5 - 40 <1 <50 <1 - 32 8 11 70 19400 18 150 <0.1 <2 18 160 <5 <2 310 18 <5 <5 190 46 16 2 22 <1 <1 10 <1 <1 6 3 <1 34 <1 27 <1
BH176 Qvn Greater Geelong BH176/090215/0.5-0.6 0.5-0.6 Yes 24000 <5 <5 - 580 1 <50 <1 - 58 19 10 220 29100 6 206 <0.1 <2 56 <50 <5 <2 300 86 <5 <5 200 52 17 2 12 <1 1 7 <1 <1 4 3 <1 19 <1 54 <1
BH177 Qvn Greater Geelong BH177/090215/0.0-0.1 0-0.1 Yes 10700 <5 <5 - 100 <1 <50 <1 - 28 9 17 90 21400 68 143 0.1 <2 26 750 <5 <2 500 18 <5 <5 220 34 55 2 33 <1 <1 17 <1 <1 11 7 <1 54 <1 24 <1
BH177 Qvn Greater Geelong BH177/090215/0.45-0.6 0.45-0.6 Yes 25400 <5 <5 - 270 2 <50 <1 - 60 25 14 190 34500 6 274 <0.1 <2 59 <50 <5 <2 230 44 <5 <5 290 61 19 1 17 <1 <1 8 <1 <1 5 3 <1 27 <1 51 <1
BH178 Tpb Greater Geelong BH178/100215/0.0-0.1 0-0.1 Yes 9250 <5 64 - 30 <1 <50 <1 - 22 4 13 140 24000 36 71 <0.1 <2 10 500 <5 <2 390 16 <5 <5 90 119 40 1 10 <1 <1 6 <1 <1 5 4 <1 16 <1 32 <1
BH178 Tpb Greater Geelong BH178/100215/0.4-0.6 0.4-0.6 Yes 17800 <5 57 - 30 1 <50 <1 - 34 12 <5 350 33000 13 26 <0.1 <2 24 60 <5 <2 150 23 <5 <5 40 119 16 <1 4 <1 <1 3 <1 <1 2 2 <1 7 <1 58 <1
BH179 Tpb Greater Geelong BH179/100215/0.0-0.1 0-0.1 Yes 10000 <5 15 - 20 <1 <50 <1 - 44 <2 <5 90 47000 13 40 <0.1 <2 5 160 <5 <2 210 11 <5 <5 140 90 6 16 49 <1 8 41 <1 4 36 29 <1 59 <1 19 <1
BH179 Tpb Greater Geelong BH179/100215/0.4-0.6 0.4-0.6 Yes 46700 <5 18 - 20 2 <50 <1 - 81 10 <5 400 71100 16 10 <0.1 <2 17 60 <5 <2 280 11 <5 <5 150 167 <5 12 23 <1 8 21 <1 5 19 17 <1 27 <1 57 <1
BH180 Tpb Greater Geelong BH180/100215/0.0-0.1 0-0.1 Yes 11300 <5 26 - 40 <1 <50 <1 - 26 3 8 160 26600 14 67 <0.1 <2 8 410 <5 <2 580 22 <5 <5 60 94 18 13 22 <1 10 18 <1 9 17 16 <1 26 9 32 <1
BH180 Tpb Greater Geelong BH180/100215/0.45-0.6 0.45-0.6 Yes 20000 <5 24 - 500 1 <50 <1 - 34 9 <5 510 28800 14 18 <0.1 <2 11 <50 <5 <2 270 37 <5 <5 40 99 11 2 6 <1 1 5 <1 <1 4 4 <1 8 <1 65 <1
BH181 Qvn Greater Geelong BH181/100215/0.0-0.1 0-0.1 Yes 20600 <5 <5 - 30 <1 <50 <1 - 43 19 15 110 25200 6 99 <0.1 <2 35 100 <5 <2 270 35 <5 <5 130 44 10 <1 5 <1 <1 4 <1 <1 3 2 <1 11 <1 59 <1
BH181 Qvn Greater Geelong BH181/100215/0.35-0.6 0.35-0.6 Yes 19700 <5 <5 - 340 1 <50 <1 - 41 10 13 160 23400 6 40 <0.1 <2 44 <50 <5 <2 310 50 <5 <5 130 35 9 <1 4 <1 <1 2 <1 <1 2 1 <1 8 <1 64 <1
BH182 Qvn Greater Geelong BH182/100215/0.0-0.1 0-0.1 Yes 17300 <5 <5 - 100 <1 <50 <1 - 56 20 13 80 33400 5 397 <0.1 <2 48 260 <5 <2 400 32 <5 <5 970 63 20 2 9 <1 <1 6 <1 <1 4 4 <1 18 <1 36 <1
BH182 Qvn Greater Geelong BH182/100215/0.3-0.55 0.3-0.55 Yes 43300 <5 <5 - 140 2 <50 <1 - 85 19 7 160 47600 <5 103 0.3 <2 126 80 <5 <2 220 44 <5 <5 570 78 20 14 18 <1 11 17 <1 7 16 15 <1 23 2 51 <1
BH183 Qvn Greater Geelong BH183/100215/0.0-0.1 0-0.1 Yes 35800 <5 <5 - 170 1 <50 <1 - 86 25 27 50 55300 7 623 <0.1 <2 88 420 <5 <2 660 52 <5 <5 2190 73 40 3 8 <1 <1 6 <1 <1 5 4 <1 12 <1 30 <1
BH183 Qvn Greater Geelong BH183/100215/0.35-0.60 0.35-0.6 Yes 42400 <5 <5 - 80 <1 <50 <1 - 93 17 10 140 59500 <5 115 <0.1 <2 66 <50 <5 <2 100 33 <5 <5 1930 80 23 <1 4 <1 <1 2 <1 <1 1 <1 <1 8 <1 55 <1
BH184 Qvn Greater Geelong BH184/120215/0.0-0.1 0-0.1 Yes 16700 <5 <5 - 30 <1 <50 <1 - 34 14 10 40 22000 13 462 <0.1 <2 16 430 <5 <2 390 16 <5 <5 130 50 22 3 26 <1 <1 14 <1 <1 10 6 <1 34 <1 34 <1
BH184 Qvn Greater Geelong BH184/120215/0.35-0.6 0.35-0.6 Yes 30400 <5 <5 - 410 1 <50 <1 - 47 15 11 200 28500 10 334 <0.1 <2 42 <50 <5 <2 350 60 <5 <5 100 42 20 1 11 <1 <1 6 <1 <1 4 3 <1 14 <1 59 <1
BH185 Qvn Greater Geelong BH185/120215/0.0-0.1 0-0.1 Yes 34000 <5 <5 - 150 2 <50 <1 - 38 17 11 140 32100 5 361 <0.1 <2 107 790 <5 <2 740 58 <5 <5 1850 42 40 17 41 <1 10 33 <1 4 29 24 <1 48 <1 10 <1
BH185 Qvn Greater Geelong BH185/120215/0.3-0.6 0.3-0.6 Yes 35400 <5 <5 - 130 2 <50 <1 - 42 17 10 80 34100 <5 258 <0.1 <2 124 380 <5 <2 350 58 <5 <5 2190 42 46 25 41 4 21 35 <1 17 33 30 <1 46 10 23 <1
BH186 Qvn Greater Geelong BH186/120215/0.0-0.1 0-0.1 Yes 30100 <5 <5 - 160 2 <50 <1 - 64 17 9 120 47200 5 408 <0.1 <2 75 300 <5 <2 300 44 <5 <5 2350 46 49 6 30 <1 2 22 <1 <1 18 13 <1 36 <1 30 <1
BH186 Qvn Greater Geelong BH186/120215/0.4-0.5 0.4-0.5 Yes 49000 <5 <5 - 170 3 <50 <1 - 74 29 10 160 49300 <5 302 <0.1 <2 135 150 <5 <2 260 67 <5 <5 2560 50 53 8 22 <1 5 16 <1 2 14 11 <1 27 <1 44 <1
BH187 Qvn Greater Geelong BH187/120215/0.0-0.1 0-0.1 Yes 15500 <5 <5 - 80 1 <50 <1 - 49 16 8 170 36500 9 257 <0.1 <2 35 290 <5 <2 380 25 <5 <5 870 70 16 10 27 <1 2 21 <1 <1 18 16 <1 32 <1 33 <1
BH187 Qvn Greater Geelong BH187/120215/0.5-0.6 0.5-0.6 Yes 39300 <5 <5 - 1560 2 <50 <1 - 67 26 12 380 45600 6 276 <0.1 <2 106 90 <5 <2 670 371 <5 <5 810 59 18 9 32 <1 4 25 <1 <1 21 16 <1 36 <1 43 <1
BH188 Qvn Greater Geelong BH188/120215/0.0-0.1 0-0.1 Yes 20000 19 6 - 40 1 <50 <1 - 47 15 9 120 34000 13 376 <0.1 <2 27 500 <5 <2 300 17 <5 <5 340 68 19 4 23 <1 2 14 <1 <1 10 8 <1 30 <1 36 <1
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Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
Metals/Elements Particle Size Analysis
BH188 Qvn Greater Geelong BH188/120215/0.4-0.6 0.4-0.6 Yes 33000 5 <5 - 1280 1 <50 <1 - 42 11 7 400 29700 5 182 <0.1 <2 51 120 <5 <2 670 418 <5 <5 250 32 6 16 39 <1 8 32 <1 <1 28 24 <1 44 <1 47 <1
BH189 Qvn Greater Geelong BH189/120215/0.0-0.1 0-0.1 Yes 17000 <5 9 - 40 1 <50 <1 - 56 15 10 180 63100 14 546 <0.1 <2 21 420 <5 <2 250 17 <5 <5 830 124 22 6 23 <1 2 15 <1 <1 12 10 <1 31 <1 28 <1
BH189 Qvn Greater Geelong BH189/120215/0.3-0.6 0.3-0.6 Yes 45400 <5 7 - 220 3 70 <1 - 64 13 16 <40 58900 11 350 <0.1 <2 51 170 <5 <2 430 51 <5 <5 430 92 28 <1 6 <1 <1 3 <1 <1 2 2 <1 8 <1 63 <1
BH190 Tpb Greater Geelong BH190/120215/0.0-0.1 0-0.1 Yes 8220 <5 38 - 20 <1 <50 <1 - 32 6 <5 230 21900 6 145 <0.1 <2 12 450 <5 <2 190 6 <5 <5 200 63 13 1 59 <1 <1 16 <1 <1 6 3 <1 74 <1 15 <1
BH190 Tpb Greater Geelong BH190/120215/0.5-0.6 0.5-0.6 Yes 25000 <5 107 - 2350 1 <50 <1 - 62 20 8 150 52000 10 137 <0.1 <2 52 80 <5 <2 680 104 <5 <5 280 165 14 <1 33 <1 <1 7 <1 <1 2 <1 <1 42 <1 49 <1
BH191 Tpb Greater Geelong BH191/160215/0.0-0.1 0-0.1 Yes 4180 <5 32 - 20 <1 <50 <1 - 19 <2 <5 120 30900 7 34 <0.1 <2 7 80 <5 <2 60 6 <5 <5 80 129 12 42 67 <1 32 60 <1 23 55 51 <1 84 18 6 <1
BH191 Tpb Greater Geelong BH191/160215/0.3-0.5 0.3-0.5 Yes 7530 <5 63 - <10 <1 <50 <1 - 43 5 8 240 50400 8 89 <0.1 <2 14 70 <5 <2 80 <2 <5 <5 70 189 40 55 72 3 45 68 <1 29 65 62 <1 79 13 12 <1
BH192 Tpb Greater Geelong BH192/160215/0.0-0.1 0-0.1 Yes 2670 <5 11 - 10 <1 <50 <1 - 13 <2 <5 90 14100 <5 10 <0.1 <2 <2 <50 <5 <2 50 <2 <5 <5 70 72 <5 6 69 <1 4 37 <1 <1 12 7 <1 79 <1 7 <1
BH192 Tpb Greater Geelong BH192/160215/0.3-0.6 0.3-0.6 Yes 20100 <5 48 - 10 <1 <50 <1 - 64 3 <5 140 50800 11 11 <0.1 <2 9 <50 <5 <2 160 <2 <5 <5 120 279 6 12 53 <1 11 32 <1 9 15 13 <1 60 8 28 <1
BH193 Tpb Greater Geelong BH193/160215/0.0-0.1 0-0.1 Yes 1160 <5 <5 - 10 <1 <50 <1 - 2 <2 <5 70 2280 <5 5 <0.1 <2 <2 <50 <5 <2 60 7 <5 <5 50 8 <5 4 76 <1 3 16 <1 2 6 5 <1 86 <1 6 <1
BH193 Tpb Greater Geelong BH193/160215/0.4-0.6 0.4-0.6 Yes 8220 <5 11 - <10 <1 <50 <1 - 14 <2 <5 100 13700 <5 <5 <0.1 <2 3 <50 <5 <2 <50 <2 <5 <5 70 35 <5 9 66 <1 8 17 <1 6 10 9 <1 76 <1 15 <1
BH194 Tpb Greater Geelong BH194/160215/0.0-0.1 0-0.1 Yes 5460 <5 68 - <10 <1 <50 <1 - 16 <2 <5 80 23400 <5 22 <0.1 <2 3 60 <5 <2 <50 <2 <5 <5 170 78 <5 4 81 <1 3 14 <1 2 5 4 <1 86 <1 8 <1
BH194 Tpb Greater Geelong BH194/160215/0.3-0.6 0.3-0.6 Yes 5790 <5 72 - <10 <1 <50 <1 - 19 <2 <5 80 26600 <5 13 <0.1 <2 2 <50 <5 <2 <50 <2 <5 <5 160 86 <5 14 81 <1 13 22 <1 11 15 14 <1 87 8 7 <1
BH195 Qvn Greater Geelong BH195/160215/0.0-0.1 0-0.1 Yes 5470 <5 7 - 30 <1 <50 <1 - 10 <2 <5 230 9390 8 77 <0.1 <2 6 430 <5 <2 320 11 <5 <5 160 22 25 4 32 <1 2 16 <1 <1 10 7 <1 40 <1 19 <1
BH195 Qvn Greater Geelong BH195/160215/0.3-0.4 0.3-0.4 Yes 6650 <5 9 - 20 <1 <50 <1 - 16 <2 <5 240 14000 7 32 <0.1 <2 7 130 <5 <2 60 5 <5 <5 200 25 13 2 30 <1 <1 12 <1 <1 7 4 <1 40 <1 18 <1
BH196 Qvn Greater Geelong BH196/160215/0.0-0.1 0-0.1 Yes 10100 <5 7 - 30 <1 <50 <1 - 46 9 5 170 32800 13 168 <0.1 <2 22 270 <5 <2 420 19 <5 <5 250 79 16 8 40 <1 1 28 <1 <1 21 17 <1 45 <1 23 <1
BH196 Qvn Greater Geelong BH196/160215/0.3-0.5 0.3-0.5 Yes 38400 <5 <5 - 30 2 <50 <1 - 81 23 12 250 48100 10 125 <0.1 <2 94 80 <5 <2 290 32 <5 <5 250 83 18 1 8 <1 <1 5 <1 <1 3 2 <1 10 <1 69 <1
BH197 Tpb Greater Geelong BH197/160215/0.0-0.1 0-0.1 Yes 3180 <5 <5 - <10 <1 <50 <1 - 5 <2 <5 100 4780 <5 18 <0.1 <2 <2 70 <5 <2 120 5 <5 <5 40 16 <5 4 45 <1 2 17 <1 <1 12 8 <1 79 <1 11 <1
BH197 Tpb Greater Geelong BH197/160215/0.45-0.6 0.45-0.6 Yes 34100 <5 39 - 20 1 <50 <1 - 75 9 <5 290 85400 18 15 <0.1 <2 18 <50 <5 <2 170 11 <5 <5 100 155 8 1 14 <1 <1 5 <1 <1 3 2 <1 25 <1 64 <1
BH198 Tpb Greater Geelong BH198/160215/0.0-0.1 0-0.1 Yes 1200 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 80 1750 <5 <5 <0.1 <2 <2 60 <5 <2 80 <2 <5 <5 30 9 <5 5 49 <1 <1 35 <1 <1 31 24 <1 87 <1 7 <1
BH198 Tpb Greater Geelong BH198/160215/0.35-0.6 0.35-0.6 Yes 1860 <5 <5 - <10 <1 <50 <1 - 2 <2 <5 80 2780 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 30 12 <5 4 42 <1 <1 28 <1 <1 24 18 <1 86 <1 5 <1
BH199 Qvn Greater Geelong BH199/160215/0.0-0.1 0-0.1 Yes 7360 <5 11 - 40 <1 <50 <1 - 13 3 <5 160 12400 13 17 <0.1 <2 6 200 <5 <2 360 8 <5 <5 60 43 10 2 7 <1 <1 5 <1 <1 4 3 <1 15 <1 17 <1
BH199 Qvn Greater Geelong BH199/160215/0.35-0.6 0.35-0.6 Yes 27900 <5 27 - 20 2 <50 <1 - 48 11 <5 160 37900 14 15 <0.1 <2 21 50 <5 <2 150 18 <5 <5 50 118 11 <1 1 <1 <1 <1 <1 <1 <1 <1 <1 4 <1 48 <1
BH200 Qvn Greater Geelong BH200/170215/0.0-0.1 0-0.1 Yes 33200 <5 7 - 20 2 130 <1 - 64 11 12 330 31800 10 34 <0.1 <2 31 250 <5 <2 1950 42 <5 <5 60 59 38 2 6 <1 <1 5 <1 <1 4 3 <1 7 <1 53 <1
BH200 Qvn Greater Geelong BH200/170215/0.5-0.6 0.5-0.6 Yes 21900 <5 110 - 40 <1 100 <1 - 82 12 5 270 90700 40 152 <0.1 17 27 270 <5 <2 2540 41 <5 <5 120 374 8 4 22 <1 2 14 <1 <1 10 7 <1 28 <1 39 <1
BH201 Tpb Greater Geelong BH201/170215/0.0-0.1 0-0.1 Yes 7540 <5 16 - 30 <1 <50 <1 - 14 13 21 210 26100 7 351 <0.1 <2 45 930 <5 <2 320 32 <5 <5 300 35 55 27 54 <1 20 41 <1 14 37 33 <1 74 8 6 <1
BH201 Tpb Greater Geelong BH201/170215/0.3-0.6 0.3-0.6 Yes 4290 <5 <5 - 30 <1 <50 <1 - 9 4 <5 140 6270 <5 108 <0.1 <2 6 250 <5 <2 60 13 <5 <5 60 16 8 <1 36 <1 <1 13 <1 <1 7 3 <1 68 <1 15 <1
BH202 Qvn Mitchell BH202/230215/0.0-0.1 0-0.1 Yes 17200 <5 <5 - 70 <1 <50 <1 - 70 21 20 70 30400 8 252 <0.1 <2 40 540 <5 <2 630 42 <5 <5 250 51 35 1 2 <1 <1 2 <1 <1 2 2 <1 4 <1 39 <1
BH202 Qvn Mitchell BH202/230215/0.3-0.35 0.3-0.35 Yes 20900 <5 <5 - 90 <1 <50 <1 - 89 31 22 70 48700 <5 370 <0.1 <2 54 440 <5 <2 320 41 <5 <5 310 114 31 2 4 <1 2 3 <1 <1 3 3 <1 5 <1 43 <1
BH203 Tpb Greater Geelong BH203/170215/0.0-0.1 0-0.1 Yes 18800 <5 <5 - 140 <1 <50 <1 - 26 25 20 260 31400 6 407 <0.1 <2 79 550 <5 <2 240 505 <5 <5 1590 43 32 23 47 <1 17 36 <1 14 32 28 <1 72 12 15 <1
BH203 Tpb Greater Geelong BH203/170215/0.5-0.6 0.5-0.6 Yes 14400 <5 16 - 40 <1 <50 <1 - 27 10 11 190 46500 5 73 <0.1 <2 21 130 <5 <2 110 42 <5 <5 70 60 14 2 9 <1 1 6 <1 <1 4 3 <1 37 <1 38 <1
BH204 Tpb Greater Geelong BH204/170215/0.0-0.1 0-0.1 Yes 3510 <5 <5 - 20 <1 <50 <1 - 6 <2 <5 110 6250 <5 71 <0.1 <2 4 210 <5 <2 290 14 <5 <5 40 19 6 4 52 <1 2 26 <1 <1 18 11 <1 80 <1 4 <1
BH204 Tpb Greater Geelong BH204/170215/0.5-0.6 0.5-0.6 Yes 20600 <5 9 - 20 <1 <50 <1 - 34 5 <5 220 24100 6 26 <0.1 <2 17 70 <5 <2 90 20 <5 <5 50 48 10 2 49 <1 <1 20 <1 <1 10 5 <1 68 <1 28 <1
BH205 Tpb Greater Geelong BH205/170215/0.0-0.1 0-0.1 Yes 5060 <5 7 - 30 <1 <50 <1 - 10 4 <5 130 9530 11 168 <0.1 <2 6 250 <5 <2 240 14 <5 <5 60 25 88 3 35 <1 1 17 <1 <1 11 7 <1 70 <1 11 <1
BH205 Tpb Greater Geelong BH205/170215/0.5-0.6 0.5-0.6 Yes 24200 <5 8 - 60 1 <50 <1 - 40 8 11 230 28200 8 168 <0.1 <2 27 140 <5 <2 100 30 <5 <5 80 54 22 <1 28 <1 <1 12 <1 <1 7 4 <1 49 <1 37 <1
BH206 Tpb Greater Geelong BH206/170215/0.0-0.1 0-0.1 Yes 2590 <5 <5 - 10 <1 <50 <1 - 5 <2 <5 110 4110 5 96 <0.1 <2 3 250 <5 <2 240 13 <5 <5 40 14 22 8 63 <1 2 42 <1 <1 32 23 <1 85 <1 7 <1
BH206 Tpb Greater Geelong BH206/170215/0.5-0.6 0.5-0.6 Yes 3800 <5 <5 - <10 <1 <50 <1 - 6 <2 <5 120 5710 <5 13 <0.1 <2 3 90 <5 <2 70 3 <5 <5 40 17 <5 6 63 <1 2 41 <1 1 31 21 <1 87 <1 6 <1
BH207 Tpb Greater Geelong BH207/170215/0.0-0.1 0-0.1 Yes 11300 <5 7 - 20 <1 <50 <1 - 21 2 <5 150 18000 7 52 <0.1 2 5 310 <5 <2 440 12 <5 <5 50 58 6 11 25 <1 8 14 <1 3 13 12 <1 40 <1 20 <1
BH207 Tpb Greater Geelong BH207/170215/0.4-0.6 0.4-0.6 Yes 54900 <5 11 - 40 1 <50 <1 - 70 7 <5 290 52100 11 10 <0.1 <2 18 <50 <5 <2 340 19 <5 <5 90 114 <5 4 6 <1 3 4 <1 1 4 4 <1 8 <1 69 <1
BH208 Tpb Greater Geelong BH208/170215/0.0-0.1 0-0.1 Yes 9110 <5 47 - 10 <1 <50 <1 - 67 <2 <5 130 74000 17 37 <0.1 <2 4 230 <5 <2 310 9 <5 <5 120 108 <5 12 37 <1 7 19 <1 <1 16 14 <1 57 <1 9 <1
BH208 Tpb Greater Geelong BH208/170215/0.3-0.6 0.3-0.6 Yes 46500 <5 44 - 20 <1 <50 <1 - 88 5 <5 240 86400 12 14 <0.1 <2 14 50 <5 <2 280 20 <5 <5 160 166 <5 8 17 <1 5 11 <1 1 10 10 <1 24 <1 56 <1
BH209 Tpb Greater Geelong BH209/170215/0.0-0.1 0-0.1 Yes 4250 <5 <5 - 10 <1 <50 <1 - 6 <2 6 100 5950 6 41 <0.1 <2 <2 320 <5 <2 480 10 <5 <5 30 15 10 3 37 <1 1 15 <1 <1 9 5 <1 64 <1 6 <1
BH209 Tpb Greater Geelong BH209/170215/0.4-0.6 0.4-0.6 Yes 38300 <5 9 - 20 1 <50 <1 - 56 6 <5 220 43800 8 19 0.1 <2 17 <50 <5 <2 150 17 <5 <5 60 85 9 <1 17 <1 <1 4 <1 <1 2 <1 <1 35 <1 48 <1
BH210 Tpb Greater Geelong BH210/170215/0.0-0.1 0-0.1 Yes 4340 <5 6 - <10 <1 <50 <1 - 7 <2 <5 90 7380 5 23 <0.1 <2 <2 170 <5 <2 200 6 <5 <5 30 19 <5 3 41 <1 1 13 <1 <1 8 5 <1 79 <1 7 <1
BH210 Tpb Greater Geelong BH210/170215/0.3-0.6 0.3-0.6 Yes 28100 <5 21 - 10 <1 <50 <1 - 42 4 <5 220 30800 7 14 <0.1 <2 11 <50 <5 <2 150 13 <5 <5 50 70 6 <1 20 <1 <1 4 <1 <1 2 <1 <1 49 <1 42 <1
BH211 Qvn Greater Geelong BH211/180215/0.0-0.1 0-0.1 Yes 6450 <5 8 - 20 <1 <50 <1 - 54 7 6 130 44100 8 101 <0.1 <2 24 180 <5 <2 220 7 <5 <5 310 133 13 12 19 <1 6 16 <1 1 15 14 <1 37 <1 11 <1
BH211 Qvn Greater Geelong BH211/180215/0.3-0.5 0.3-0.5 Yes 27200 <5 5 - 50 1 <50 <1 - 88 18 10 180 56100 8 49 <0.1 <2 78 80 <5 <2 160 21 <5 <5 210 114 13 5 9 <1 2 7 <1 <1 7 6 <1 17 <1 53 <1
BH212 Qvn Greater Geelong BH212/180215/0.0-0.1 0-0.1 Yes 14200 <5 20 - 100 <1 <50 <1 - 36 5 10 200 26200 13 93 <0.1 <2 15 410 <5 <2 950 75 <5 <5 80 69 25 2 11 <1 1 5 <1 <1 4 3 <1 21 <1 37 <1
BH212 Qvn Greater Geelong BH212/180215/0.4-0.6 0.4-0.6 Yes 11000 <5 8 - 140 <1 <50 <1 - 45 17 <5 260 46900 11 93 <0.1 <2 40 <50 <5 <2 230 37 <5 <5 120 142 <5 3 9 <1 1 5 <1 <1 4 4 <1 18 <1 39 <1
BH213 Qvn Greater Geelong BH213/180215/0.0-0.1 0-0.1 Yes 14800 <5 63 - 70 <1 <50 <1 - 50 12 13 240 48900 21 84 0.2 3 28 460 <5 <2 1120 80 <5 <5 160 104 66 3 21 <1 <1 9 <1 <1 6 5 <1 36 <1 38 <1
BH213 Qvn Greater Geelong BH213/180215/0.5-0.6 0.5-0.6 Yes 19700 <5 <5 - 650 1 <50 <1 - 81 28 8 230 45600 8 68 <0.1 <2 83 220 <5 <2 880 62 <5 <5 220 72 18 20 28 <1 16 25 <1 9 24 23 <1 32 <1 40 <1
BH214 Qvn Greater Geelong BH214/180215/0.0-0.1 0-0.1 Yes 18000 <5 5 - 40 <1 <50 <1 - 77 14 12 180 38100 12 174 <0.1 <2 45 260 <5 <2 280 24 <5 <5 840 79 17 5 19 <1 2 12 <1 1 9 7 <1 32 <1 23 <1
BH214 Qvn Greater Geelong BH214/180215/0.45-0.5 0.45-0.5 Yes 30600 <5 <5 - 80 1 <50 <1 - 109 24 20 230 52400 <5 253 <0.1 <2 104 240 <5 <2 190 66 <5 <5 770 77 28 5 10 <1 4 8 <1 1 7 6 <1 15 <1 54 <1
BH215 Tpb Greater Geelong BH215/180215/0.0-0.1 0-0.1 Yes 2840 <5 <5 - <10 <1 <50 <1 - 4 <2 <5 120 2490 <5 18 <0.1 <2 <2 190 <5 <2 260 5 <5 <5 40 7 <5 2 35 <1 <1 10 <1 <1 6 4 <1 69 <1 8 <1
BH215 Tpb Greater Geelong BH215/180215/0.35-0.6 0.35-0.6 Yes 2020 <5 <5 - <10 <1 <50 <1 - 3 <2 <5 80 4980 <5 6 <0.1 <2 <2 <50 <5 <2 <50 2 <5 <5 40 10 <5 2 30 <1 2 7 <1 1 4 3 <1 74 <1 7 <1
BH216 Tpb Greater Geelong BH216/180215/0.0-0.1 0-0.1 Yes 2240 <5 <5 - <10 <1 <50 <1 - 3 <2 <5 120 2760 <5 15 <0.1 <2 <2 140 <5 <2 220 6 <5 <5 40 9 <5 2 34 <1 <1 11 <1 <1 7 4 <1 74 <1 7 <1
BH216 Tpb Greater Geelong BH216/180215/0.45-0.6 0.45-0.6 Yes 1370 <5 <5 - <10 <1 <50 <1 - 2 <2 <5 90 3470 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 4 <5 <5 40 12 <5 26 50 <1 25 32 <1 24 29 28 <1 82 23 7 <1
BH217 Tpb Greater Geelong BH217/180215/0.0-0.1 0-0.1 Yes 4030 23 9 - 20 <1 <50 <1 - 10 3 15 160 14900 13 21 <0.1 <2 9 270 <5 <2 180 3 <5 <5 70 27 10 2 29 <1 <1 11 <1 <1 7 5 <1 69 <1 10 <1
BH217 Tpb Greater Geelong BH217/180215/0.4-0.6 0.4-0.6 Yes 24100 5 30 - 30 2 <50 <1 - 55 24 <5 270 56300 12 40 <0.1 <2 67 50 <5 <2 130 16 <5 <5 120 110 12 10 21 <1 10 13 <1 9 11 11 <1 45 2 45 <1
BH218 Qvn Melton BH218/190215/0.0-0.1 0-0.1 Yes 20100 <5 7 - 100 1 <50 <1 - 110 26 21 170 54900 16 556 <0.1 <2 52 400 <5 <2 320 17 <5 <5 470 124 22 4 15 <1 2 10 <1 <1 8 7 <1 23 <1 34 <1
BH218 Qvn Melton BH218/190215/0.3-0.5 0.3-0.5 Yes 39800 <5 6 - 200 2 <50 <1 - 108 34 36 240 58700 8 360 0.1 <2 113 310 <5 <2 220 25 <5 <5 350 108 23 8 13 <1 7 11 <1 5 10 10 <1 15 5 61 <1
BH219 Qvn Melton BH219/190215/0.0-0.1 0-0.1 Yes 9680 <5 <5 - 80 <1 <50 <1 - 37 15 9 110 22600 8 510 <0.1 <2 20 430 <5 <2 250 17 <5 <5 400 43 23 1 12 <1 <1 4 <1 <1 2 2 <1 28 <1 23 <1
BH219 Qvn Melton BH219/190215/0.35-0.6 0.35-0.6 Yes 21000 <5 <5 - 120 1 <50 <1 - 47 15 13 210 55200 6 389 <0.1 <2 43 2040 <5 <2 100 35 <5 <5 980 85 32 5 19 <1 4 9 <1 3 7 6 <1 30 <1 38 <1
BH220 Qvn Melton BH220/190215/0.0-0.1 0-0.1 Yes 24600 <5 <5 - 80 1 <50 <1 - 56 16 20 180 31900 64 494 0.1 <2 32 430 <5 <2 350 25 <5 <5 260 63 30 2 11 <1 1 6 <1 <1 4 3 <1 18 <1 40 <1
BH220 Qvn Melton BH220/190215/0.3-0.6 0.3-0.6 Yes 52800 <5 <5 - 90 2 <50 <1 - 90 16 36 230 50200 9 146 <0.1 <2 56 230 <5 <2 160 31 <5 <5 210 80 41 <1 4 <1 <1 2 <1 <1 <1 <1 <1 6 <1 71 <1
BH221 Qvn Melton BH221/190215/0.0-0.1 0-0.1 Yes 13900 <5 <5 - 20 <1 <50 <1 - 46 18 11 140 26900 17 703 <0.1 <2 12 240 <5 <2 240 12 <5 <5 190 76 12 2 8 <1 1 5 <1 <1 4 3 <1 12 <1 29 <1
BH221 Qvn Melton BH221/190215/0.4-0.6 0.4-0.6 Yes 28200 <5 <5 - 290 1 <50 <1 - 50 26 15 250 30300 12 616 <0.1 <2 44 70 <5 <2 320 96 <5 <5 130 62 17 1 5 <1 <1 3 <1 <1 3 2 <1 7 <1 59 <1
BH222 Qvn Wyndham BH222/190215/0.0-0.1 0-0.1 Yes 13000 <5 <5 - 50 <1 <50 <1 - 54 17 9 150 52600 12 442 <0.1 <2 23 260 <5 <2 220 14 <5 <5 410 57 19 1 14 <1 <1 6 <1 <1 4 3 <1 27 <1 34 <1
BH222 Qvn Wyndham BH222/190215/0.5-0.6 0.5-0.6 Yes 33400 <5 <5 - 730 1 60 <1 - 58 13 12 310 30800 8 235 <0.1 <2 45 80 <5 <2 340 240 <5 <5 190 49 16 1 9 <1 <1 4 <1 <1 2 2 <1 18 <1 53 <1
BH223 Qvn Mitchell BH223/230215/0.0-0.1 0-0.1 Yes 11200 <5 5 - 60 <1 <50 <1 - 34 8 9 80 27600 15 109 <0.1 <2 12 280 <5 <2 350 26 <5 <5 150 126 18 <1 2 <1 <1 2 <1 <1 2 1 <1 3 <1 28 <1
BH223 Qvn Mitchell BH223/230215/0.35-0.6 0.35-0.6 Yes 17200 <5 <5 - 50 <1 <50 <1 - 36 6 9 80 23800 8 18 <0.1 <2 16 70 <5 <2 140 32 <5 <5 90 51 12 2 2 <1 1 2 <1 <1 2 2 <1 2 <1 44 <1
BH224 Qvn Mitchell BH224/230215/0.0-0.1 0-0.1 Yes 9750 <5 <5 - 50 <1 <50 <1 - 23 7 9 70 13800 12 109 <0.1 <2 11 350 <5 <2 400 23 <5 <5 70 31 18 1 4 <1 <1 3 <1 <1 3 2 <1 5 <1 25 <1
BH224 Qvn Mitchell BH224/230215/0.3-0.6 0.3-0.6 Yes 18900 26 <5 - 90 <1 <50 <1 - 37 15 11 130 22600 8 28 <0.1 <2 25 <50 <5 <2 90 38 <5 <5 50 35 13 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1 <1 53 <1
BH225 Qvn Wyndham BH225/240215/0.0-0.1 0-0.1 Yes 30900 6 <5 - 60 1 <50 <1 - 59 18 18 140 34000 15 554 <0.1 <2 28 500 <5 <2 310 24 <5 <5 120 74 24 <1 4 <1 <1 2 <1 <1 1 <1 <1 6 <1 51 <1
BH225 Qvn Wyndham BH225/240215/0.45-0.6 0.45-0.6 Yes 37500 <5 <5 - 480 1 <50 <1 - 74 18 20 180 33800 10 487 <0.1 <2 57 60 <5 <2 260 62 <5 <5 80 50 25 <1 2 <1 <1 1 <1 <1 <1 <1 <1 4 <1 58 <1
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Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
Metals/Elements Particle Size Analysis
BH226 Qvn Wyndham BH226/240215/0.0-0.1 0-0.1 Yes 42200 <5 <5 - 90 1 <50 <1 - 75 16 24 120 39800 13 357 <0.1 <2 52 150 <5 <2 290 42 <5 <5 80 60 34 <1 4 <1 <1 2 <1 <1 2 1 <1 7 <1 64 <1
BH226 Qvn Wyndham BH226/240215/0.3-0.6 0.3-0.6 Yes 51200 <5 <5 - 300 2 50 <1 - 97 17 24 200 49500 9 234 <0.1 <2 60 80 <5 <2 130 54 <5 <5 120 78 39 1 3 <1 1 2 <1 1 2 1 <1 5 <1 56 <1
BH227 Tpb Greater Geelong BH227/240215/0.0-0.1 0-0.1 Yes 13300 <5 8 - 20 <1 <50 <1 - 39 <2 <5 70 37900 10 38 <0.1 <2 5 90 <5 <2 330 10 <5 <5 110 70 <5 14 28 <1 9 18 <1 3 17 16 <1 49 <1 24 <1
BH227 Tpb Greater Geelong BH227/240215/0.3-0.6 0.3-0.6 Yes 46200 <5 14 - 20 1 <50 <1 - 76 6 <5 270 62600 11 10 <0.1 <2 15 50 <5 <2 220 15 <5 <5 130 132 <5 7 12 <1 4 9 <1 <1 9 8 <1 16 <1 66 <1
BH228 Tpb Greater Geelong BH228/240215/0.0-0.1 0-0.1 Yes 3430 <5 <5 - <10 <1 <50 <1 - 4 <2 <5 <40 3870 <5 22 <0.1 <2 <2 60 <5 <2 220 6 <5 <5 50 10 <5 2 25 <1 <1 6 <1 <1 4 3 <1 73 <1 13 <1
BH228 Tpb Greater Geelong BH228/240215/0.4-0.6 0.4-0.6 Yes 30600 <5 8 - 10 <1 <50 <1 - 50 3 <5 190 35900 8 10 <0.1 <2 10 <50 <5 <2 180 13 <5 <5 60 85 <5 <1 16 <1 <1 2 <1 <1 1 <1 <1 42 <1 52 <1
BH229 Tpb Greater Geelong BH229/240215/0.0-0.1 0-0.1 Yes 9340 <5 7 - 10 <1 <50 <1 - 33 <2 <5 <40 34400 10 56 <0.1 <2 4 70 <5 <2 240 9 <5 <5 110 62 <5 15 30 <1 8 19 <1 <1 18 17 <1 56 <1 19 <1
BH229 Tpb Greater Geelong BH229/240215/0.3-0.6 0.3-0.6 Yes 42300 <5 11 - 10 1 <50 <1 - 76 7 <5 190 59800 10 12 <0.1 <2 14 <50 <5 <2 260 17 <5 <5 90 122 <5 6 12 <1 3 9 <1 <1 8 8 <1 18 <1 61 <1
BH230 Qvn Mitchell BH230/100315/0.0-0.1 0-0.1 Yes 11300 <5 5 - 450 <1 <50 <1 - 104 23 22 130 31700 23 977 0.2 <2 29 1730 <5 <2 500 43 <5 <5 480 76 58 2 6 <1 1 4 <1 1 4 3 <1 9 <1 21 <1
BH230 Qvn Mitchell BH230/100315/0.35-0.6 0.35-0.6 Yes 19700 <5 6 - 500 2 <50 <1 - 124 17 23 260 45100 12 302 <0.1 <2 50 470 <5 <2 250 37 <5 <5 370 88 21 5 8 <1 4 7 <1 3 7 6 <1 9 <1 50 <1
BH231 Qvn Mitchell BH231/100315/0.0-0.1 0-0.1 Yes 22800 <5 <5 - 360 2 <50 <1 - 260 41 42 140 53200 14 804 <0.1 <2 84 810 <5 <2 620 66 <5 <5 900 152 49 2 5 <1 <1 4 <1 <1 4 3 <1 7 <1 42 <1
BH231 Qvn Mitchell BH231/100315/0.3-0.6 0.3-0.6 Yes 34300 <5 <5 - 440 2 <50 <1 - 339 26 48 240 66200 8 301 <0.1 <2 154 530 <5 <2 250 80 <5 <5 750 181 30 3 5 <1 <1 5 <1 <1 4 4 <1 6 <1 66 <1
BH232 Qvn Mitchell BH232/100315/0.0-0.1 0-0.1 Yes 13600 <5 <5 - 40 <1 <50 <1 - 53 10 10 90 31400 11 128 <0.1 <2 20 100 <5 <2 170 16 <5 <5 100 99 10 6 9 <1 2 9 <1 1 8 8 <1 12 <1 25 <1
BH232 Qvn Mitchell BH232/100315/0.3-0.6 0.3-0.6 Yes 20600 <5 <5 - 40 1 <50 <1 - 40 16 16 100 28300 10 104 <0.1 <2 21 <50 <5 <2 150 27 <5 <5 60 31 14 <1 2 <1 <1 2 <1 <1 2 1 <1 4 <1 45 <1
BH233 Qvn Mitchell BH233/100315/0.0-0.1 0-0.1 Yes 15900 <5 <5 - 90 <1 <50 <1 - 46 10 11 150 25400 10 155 <0.1 <2 19 150 <5 <2 240 24 <5 <5 140 63 13 12 16 <1 4 16 <1 <1 15 15 <1 18 <1 34 <1
BH233 Qvn Mitchell BH233/100315/0.3-0.6 0.3-0.6 Yes 26700 <5 <5 - 60 2 <50 <1 - 112 26 17 190 60500 14 117 <0.1 <2 50 90 <5 <2 180 19 <5 <5 150 120 13 3 6 <1 <1 5 <1 <1 5 5 <1 7 <1 51 <1
BH234 Qvn Mitchell BH234/100315/0.0-0.1 0-0.1 Yes 18500 <5 <5 - 70 1 <50 <1 - 33 17 10 160 21400 10 207 <0.1 <2 30 50 <5 <2 160 26 <5 <5 50 33 12 <1 2 <1 <1 1 <1 <1 1 1 <1 4 <1 45 <1
BH234 Qvn Mitchell BH234/100315/0.3-0.6 0.3-0.6 Yes 20800 <5 <5 - 50 1 <50 <1 - 37 10 12 100 23100 10 56 <0.1 <2 24 <50 <5 <2 130 28 <5 <5 50 40 12 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 2 <1 52 <1
BH235 Qvn Mitchell BH235/100315/0.0-0.1 0-0.1 Yes 14800 <5 6 - 30 <1 <50 <1 - 81 9 11 120 53200 21 148 <0.1 <2 20 180 <5 <2 280 13 <5 <5 120 169 10 8 11 <1 4 11 <1 <1 11 10 <1 14 <1 28 <1
BH235 Qvn Mitchell BH235/100315/0.3-0.6 0.3-0.6 Yes 32100 <5 <5 - 50 1 <50 <1 - 96 13 19 120 54200 15 89 <0.1 <2 34 90 <5 <2 180 25 <5 <5 100 121 18 16 21 <1 8 20 <1 <1 20 19 <1 22 <1 40 <1
BH236 Qvn Ballarat BH236/130715/0-0.1 0-0.1 Yes 7540 5 6 4.3 50 <1 <50 <1 <0.1 23 4 10 60 15600 68 343 <0.1 <2 6 300 <5 <2 330 16 <5 <5 70 38 130 24 41 <1 19 34 <1 12 31 28 <1 48 7 25 <1
BH236 Qvn Ballarat BH236/130715/0.4-0.6 0.4-0.6 Yes 15700 <5 <5 - 50 <1 <50 <1 <1 28 4 8 120 19400 11 14 <0.1 <2 7 <50 <5 <2 70 26 <5 <5 40 33 8 <1 11 <1 <1 5 <1 <1 3 2 <1 16 <1 46 <1
BH237 Qvn Hume BH237/050615/0.0-0.1 0-0.1 Yes 9620 <5 <5 - 130 <1 <50 <1 - 30 14 7 40 45600 16 618 <0.1 <2 12 530 <5 <2 360 24 <5 <5 260 68 16 7 17 <1 4 13 <1 1 11 9 <1 22 <1 20 <1
BH237 Qvn Hume BH237/050615/0.3-0.6 0.3-0.6 Yes 7790 <5 12 - 90 <1 <50 <1 - 43 24 <5 <40 67200 28 638 <0.1 <2 8 260 <5 <2 110 17 <5 <5 190 198 8 40 47 <1 32 44 <1 16 43 42 <1 51 <1 15 <1
BH238 Qvn Hume BH238/050615/0.0-0.1 0-0.1 Yes 14500 <5 <5 - 260 <1 <50 <1 - 18 7 6 70 25000 14 123 <0.1 <2 6 370 <5 <2 440 30 <5 <5 100 65 14 10 15 <1 7 13 <1 <1 12 11 <1 19 <1 32 <1
BH238 Qvn Hume BH238/050615/0.3-0.45 0.3-0.45 Yes 15600 <5 <5 - 330 1 <50 <1 - 19 10 5 150 30100 10 93 <0.1 <2 8 210 <5 <2 190 41 <5 <5 110 72 10 <1 5 <1 <1 3 <1 <1 2 1 <1 9 <1 42 <1
BH239 Qvn Hume BH239/050615/0.0-0.1 0-0.1 Yes 13800 <5 <5 - 150 <1 <50 <1 - 48 22 16 100 36700 9 704 <0.1 <2 32 1410 <5 <2 420 44 <5 <5 700 70 46 3 21 <1 <1 13 <1 <1 9 6 <1 27 <1 24 <1
BH239 Qvn Hume BH239/050615/0.3-0.6 0.3-0.6 Yes 24000 <5 <5 - 170 1 <50 <1 - 82 25 21 110 49600 <5 619 <0.1 <2 50 1650 <5 <2 190 53 <5 <5 1100 79 58 5 25 <1 2 18 <1 <1 15 11 <1 30 <1 32 <1
BH240 Qvn Melton BH240/050615/0.0-0.1 0-0.1 Yes 14000 <5 6 - 30 <1 <50 <1 - 33 6 9 <40 24900 11 136 <0.1 <2 15 310 <5 <2 220 8 <5 <5 200 54 13 2 21 <1 <1 12 <1 <1 8 5 <1 32 <1 26 <1
BH240 Qvn Melton BH240/050615/0.4-0.55 0.4-0.55 Yes 34900 <5 6 - 320 2 <50 <1 - 48 18 18 120 35000 12 532 <0.1 <2 65 100 <5 <2 290 41 <5 <5 120 61 22 <1 8 <1 <1 4 <1 <1 2 1 <1 12 <1 64 <1
BH241 Qvn Melton BH241/050615/0.0-0.1 0-0.1 Yes 10100 <5 <5 - 30 <1 <50 <1 - 43 7 7 40 28200 11 336 <0.1 <2 18 220 <5 <2 210 10 <5 <5 250 56 9 4 29 <1 <1 18 <1 <1 14 10 <1 41 <1 21 <1
BH241 Qvn Melton BH241/050615/0.46-0.6 0.46-0.6 Yes 28600 <5 <5 - 610 1 <50 <1 - 67 23 16 90 45200 11 671 <0.1 <2 53 80 <5 <2 340 114 <5 <5 290 88 23 5 18 <1 3 12 <1 <1 10 8 <1 25 <1 42 <1
BH242 Qvn Melton BH242/050615/0.0-0.1 0-0.1 Yes 19200 <5 6 - 50 <1 <50 <1 - 82 19 13 <40 43900 14 819 <0.1 <2 23 330 <5 <2 310 16 <5 <5 330 91 17 6 14 <1 3 11 <1 2 10 9 <1 20 <1 31 <1
BH242 Qvn Melton BH242/050615/0.45-0.6 0.45-0.6 Yes 30800 <5 <5 - 790 1 <50 <1 - 66 12 13 150 34700 6 325 <0.1 <2 40 90 <5 <2 710 323 <5 <5 180 55 8 3 14 <1 <1 10 <1 <1 8 7 <1 18 <1 56 <1
BH243 Qvn Ballarat BH243/130715/0-0.1 0-0.1 Yes 11300 <5 <5 1.9 70 <1 <50 <1 <0.1 48 18 8 70 29900 21 984 <0.1 <2 6 300 <5 <2 320 11 <5 <5 70 71 9 19 23 <1 17 21 <1 13 21 20 <1 25 8 33 <1
BH243 Qvn Ballarat BH243/130715/0.3-0.6 0.3-0.6 Yes 28400 <5 <5 - 50 <1 <50 <1 <1 36 9 15 210 25700 10 45 <0.1 <2 14 <50 <5 <2 110 27 <5 <5 40 38 13 4 5 <1 3 4 <1 1 4 4 <1 5 <1 75 <1
BH244 Qvn Ballarat BH244/130715/0-0.1 0-0.1 Yes 10500 <5 5 3.8 100 <1 <50 <1 <0.1 50 10 10 70 28000 13 402 <0.1 <2 11 350 <5 <2 320 12 <5 <5 50 85 9 3 13 <1 2 11 <1 <1 8 5 <1 16 <1 34 <1
BH244 Qvn Ballarat BH244/130715/0.5-0.6 0.5-0.6 Yes 8010 <5 8 - 410 <1 <50 <1 <0.1 65 54 12 380 50200 25 2820 <0.1 <2 12 130 <5 <2 60 9 <5 <5 60 137 <5 12 26 <1 8 24 <1 2 20 16 <1 29 <1 25 <1
BH245 Qvn Ballarat BH245/130715/0-0.1 0-0.1 Yes 31100 <5 7 5.9 280 2 <50 <1 <1 42 42 22 100 47000 10 1300 <0.1 <2 29 500 <5 <2 370 74 <5 <5 700 96 29 3 8 <1 <1 6 <1 <1 5 4 <1 10 <1 35 <1
BH245 Qvn Ballarat BH245/130715/0.45-0.6 0.45-0.6 Yes 35300 <5 <5 - 390 2 <50 <1 <1 40 39 23 110 49400 7 1380 <0.1 <2 48 320 <5 <2 180 92 <5 <5 630 84 29 <1 2 <1 <1 2 <1 <1 2 1 <1 3 <1 63 <1
BH246 Qvn Ballarat BH246/130715/0-0.1 0-0.1 Yes 16400 <5 <5 5 140 1 <50 <1 <0.1 58 16 10 <40 46600 42 879 <0.1 <2 11 680 <5 <2 410 16 <5 <5 300 88 20 14 23 <1 8 21 <1 3 19 18 <1 25 <1 22 <1
BH246 Qvn Ballarat BH246/130715/0.35-0.5 0.35-0.5 Yes 22200 <5 10 - 440 2 <50 1 <1 123 110 14 120 113000 23 5260 <0.1 2 32 990 <5 <2 120 28 <5 <5 630 176 12 43 51 <1 30 50 <1 9 49 47 <1 52 <1 25 <1
BH247 Qvn Ballarat BH247/130715/0-0.1 0-0.1 Yes 18300 <5 6 4.2 110 1 <50 <1 <0.1 44 12 18 120 45500 32 693 <0.1 <2 15 410 <5 <2 300 31 <5 <5 130 82 24 14 28 <1 7 25 <1 1 23 20 <1 31 <1 33 <1
BH247 Qvn Ballarat BH247/130715/0.4-0.6 0.4-0.6 Yes 37700 <5 <5 - 150 2 <50 <1 <1 43 6 18 250 46600 12 76 <0.1 <2 19 150 <5 <2 220 35 <5 <5 60 70 20 3 9 <1 <1 8 <1 <1 7 6 <1 11 <1 68 <1
BH248 Qvn Ballarat BH248/140715/0-0.1 0-0.1 Yes 21500 <5 6 5 310 1 <50 <1 <1 73 34 22 <40 66700 31 2710 <0.1 <2 21 630 <5 <2 320 40 <5 <5 1300 88 40 5 12 <1 2 10 <1 <1 9 8 <1 16 <1 32 <1
BH248 Qvn Ballarat BH248/140715/0.3-0.6 0.3-0.6 Yes 38600 <5 7 - 240 2 <50 <1 <1 86 35 24 40 86100 16 1460 <0.1 <2 30 610 <5 <2 190 27 <5 <5 1240 116 33 2 6 <1 <1 5 <1 <1 5 4 <1 8 <1 58 <1
BH249 Qvn Ballarat BH249/140715/0-0.1 0-0.1 Yes 16900 <5 <5 6.2 270 1 <50 <1 <0.1 70 36 28 <40 59600 18 2560 <0.1 <2 22 670 <5 <2 400 29 <5 <5 840 80 33 11 20 <1 6 18 <1 2 17 15 <1 23 <1 21 <1
BH249 Qvn Ballarat BH249/140715/0.35-0.6 0.35-0.6 Yes 34800 35 8 - 400 3 <50 <1 <1 120 90 28 <40 114000 18 3120 <0.1 2 42 810 <5 <2 100 37 <5 <5 1250 143 27 32 39 3 22 38 <1 13 37 36 <1 41 9 33 <1
BH250 Qvn Ballarat BH250/140715/0-0.1 0-0.1 Yes 14100 8 9 9.1 180 <1 <50 <1 <0.1 60 36 16 <40 41100 36 3080 <0.1 <2 18 500 <5 <2 310 10 <5 <5 410 66 50 2 12 <1 <1 9 <1 <1 7 5 <1 17 <1 24 <1
BH250 Qvn Ballarat BH250/140715/0.4-0.6 0.4-0.6 Yes 29700 <5 6 - 200 2 <50 <1 <1 87 43 21 <40 57500 21 1970 <0.1 <2 30 440 <5 <2 140 29 <5 <5 490 105 20 8 16 <1 4 13 <1 2 12 10 <1 19 <1 40 <1
BH251 Qvn Ballarat BH251/140715/0-0.1 0-0.1 Yes 14900 <5 6 7.6 150 1 <50 <1 <0.1 39 38 13 60 44200 13 2400 <0.1 <2 13 620 <5 <2 390 16 <5 <5 430 66 20 14 23 <1 8 20 <1 2 19 18 <1 26 <1 24 <1
BH251 Qvn Ballarat BH251/140715/0.4-0.6 0.4-0.6 Yes 21000 <5 <5 - 120 1 <50 <1 <0.1 39 35 11 <40 48400 14 1550 <0.1 <2 12 360 <5 <2 100 18 <5 <5 240 77 14 18 26 <1 9 24 <1 2 22 21 <1 30 <1 30 <1
BH252 Qvn Ballarat BH252/140715/0-0.1 0-0.1 Yes 15700 <5 <5 2.8 310 1 <50 <1 <0.1 44 26 14 <40 49000 7 1030 <0.1 <2 18 1080 <5 <2 540 66 <5 <5 2050 62 46 2 11 <1 <1 8 <1 <1 5 3 <1 14 <1 24 <1
BH252 Qvn Ballarat BH252/140715/0.4-0.6 0.4-0.6 Yes 62400 <5 <5 - 520 2 <50 <1 <1 61 44 30 180 79500 5 691 <0.1 <2 73 450 <5 <2 190 95 <5 <5 3860 75 33 8 20 <1 4 17 <1 1 14 12 <1 23 1 27 <1
BH253 Qvn Ballarat BH253/140715/0-0.1 0-0.1 Yes 8340 <5 <5 1.6 90 <1 <50 <1 <0.1 20 4 5 70 13600 10 992 <0.1 <2 6 240 <5 <2 270 15 <5 <5 120 30 7 1 8 <1 <1 4 <1 <1 3 2 <1 13 <1 19 <1
BH253 Qvn Ballarat BH253/140715/0.5-0.6 0.5-0.6 Yes 23200 <5 11 - 270 2 <50 <1 <0.1 147 108 21 <40 101000 45 6120 <0.1 2 36 510 <5 <2 120 15 <5 <5 210 169 12 43 52 <1 34 50 <1 26 49 48 <1 55 13 19 <1
BH254 Qvn Ballarat BH254/140715/0-0.1 0-0.1 Yes 6620 <5 <5 1.3 80 <1 <50 <1 <0.1 28 11 <5 100 20800 11 723 <0.1 <2 5 210 <5 <2 200 12 <5 <5 160 34 5 2 7 <1 <1 5 <1 <1 4 3 <1 10 <1 19 <1
BH254 Qvn Ballarat BH254/140715/0.4-0.6 0.4-0.6 Yes 24000 <5 <5 - 260 2 <50 <1 <1 98 37 11 40 64100 14 1790 <0.1 <2 17 410 <5 <2 100 14 <5 <5 170 108 12 45 50 <1 37 49 <1 22 48 48 <1 51 5 27 <1
BH255 Qvn Ballarat BH255/140715/0-0.1 0-0.1 Yes 12800 <5 5 4.9 210 <1 <50 <1 <0.1 65 37 20 <40 40800 26 2750 <0.1 <2 36 640 <5 <2 370 27 <5 <5 480 60 76 2 13 <1 <1 8 <1 <1 6 4 <1 20 <1 19 <1
BH255 Qvn Ballarat BH255/140715/0.3-0.5 0.3-0.5 Yes 19700 <5 6 - 330 2 <50 <1 <0.1 166 47 25 240 68700 20 2920 <0.1 <2 33 500 <5 <2 190 20 <5 <5 570 121 24 7 16 <1 4 13 <1 <1 11 10 <1 22 <1 32 <1
BH256 Qvn Ballarat BH256/150715/0-0.1 0-0.1 Yes 8030 <5 10 13 40 <1 <50 <1 0.1 38 7 13 220 34000 41 198 <0.1 <2 16 290 <5 <2 290 13 <5 <5 180 57 49 16 26 <1 10 22 <1 3 20 19 <1 30 <1 13 <1
BH256 Qvn Ballarat BH256/150715/0.3-0.6 0.3-0.6 Yes 56100 <5 <5 - 70 2 <50 <1 <1 139 11 10 170 84700 14 33 <0.1 <2 35 130 <5 <2 320 15 <5 <5 160 149 11 9 11 <1 7 10 <1 3 10 10 <1 11 <1 72 <1
BH257 Qvn Ballarat BH257/150715/0-0.1 0-0.1 No 6080 40 28 25.1 140 <1 <50 <1 0.2 25 6 25 60 25800 148 376 0.1 2 14 1130 <5 <2 600 76 <5 14 100 30 225 8 47 <1 4 35 <1 1 25 15 <1 54 <1 14 <1
BH257 Qvn Ballarat BH257/150715/0.35-0.6 0.35-0.6 No 8810 9 8 - 20 <1 <50 1 <0.1 139 6 <5 <40 111000 23 66 <0.1 <2 9 190 <5 <2 60 10 <5 <5 220 192 9 44 51 <1 28 50 <1 6 50 49 <1 53 <1 14 <1
BH258 Qvn Ballarat BH258/150715/0-0.1 0-0.1 Yes 15500 <5 7 4.1 40 <1 <50 <1 <0.1 118 6 5 230 81800 18 116 <0.1 <2 12 200 <5 <2 190 9 <5 <5 190 172 6 34 39 <1 22 38 <1 6 38 37 <1 42 <1 24 <1
BH258 Qvn Ballarat BH258/150715/0.35-0.6 0.35-0.6 Yes 54200 <5 <5 - 120 1 <50 <1 <1 120 13 13 <40 74300 10 32 <0.1 <2 34 130 <5 <2 190 30 <5 <5 100 112 15 5 7 <1 3 7 <1 <1 6 6 <1 8 <1 69 <1
BH259 Qvn Ballarat BH259/150715/0-0.1 0-0.1 Yes 8350 <5 24 4.9 30 <1 <50 <1 <0.1 135 4 <5 70 106000 29 211 <0.1 <2 8 380 <5 <2 490 7 <5 <5 270 250 6 18 25 <1 8 23 <1 <1 22 21 <1 31 <1 19 <1
BH259 Qvn Ballarat BH259/150715/0.4-0.6 0.4-0.6 Yes 13800 <5 14 - 20 <1 <50 4 <0.1 229 8 <5 40 201000 24 52 <0.1 <2 13 290 <5 <2 70 18 <5 <5 300 323 <5 59 68 <1 37 66 <1 5 65 64 <1 70 <1 19 <1
BH260 Qvn Ballarat BH260/150715/0-0.1 0-0.1 Yes 8920 <5 9 9 30 <1 <50 <1 <0.1 205 4 <5 250 110000 19 71 <0.1 <2 9 290 <5 <2 270 6 <5 <5 330 172 <5 32 38 <1 18 37 <1 5 36 35 <1 40 <1 17 <1
BH260 Qvn Ballarat BH260/150715/0.45-0.6 0.45-0.6 Yes 39500 <5 <5 - 50 1 <50 <1 <1 194 11 9 <40 99200 16 44 <0.1 <2 26 150 <5 <2 150 12 <5 <5 240 153 10 13 17 <1 6 16 <1 1 16 15 <1 18 <1 62 <1
BH261 Qvn Ballarat BH261/150715/0-0.1 0-0.1 Yes 8210 <5 <5 1.3 40 <1 <50 <1 0.1 31 3 <5 100 16900 12 97 <0.1 <2 5 330 <5 <2 370 4 <5 <5 130 44 7 4 8 <1 2 7 <1 <1 6 5 <1 11 <1 20 <1
BH261 Qvn Ballarat BH261/150715/0.4-0.6 0.4-0.6 Yes 22900 <5 10 - 60 1 <50 2 <0.1 157 11 6 40 132000 20 47 <0.1 <2 16 200 <5 <2 140 12 <5 <5 170 246 <5 50 53 <1 37 52 <1 11 52 52 <1 54 <1 28 <1
BH262 Qvn Ballarat BH262/150715/0-0.1 0-0.1 Yes 14400 <5 <5 2.2 50 <1 <50 <1 <0.1 76 5 7 70 46100 15 210 <0.1 <2 9 390 <5 <2 420 12 <5 <5 190 97 9 3 8 <1 <1 6 <1 <1 6 5 <1 11 <1 25 <1
BH262 Qvn Ballarat BH262/150715/0.4-0.6 0.4-0.6 Yes 36800 <5 <5 - 160 1 <50 <1 <1 152 13 16 80 71900 10 81 <0.1 <2 33 80 <5 <2 140 33 <5 <5 190 138 10 11 14 <1 6 14 <1 3 13 13 <1 15 <1 64 <1
BH263 Qvn Ballarat BH263/150715/0-0.1 0-0.1 Yes 41900 <5 6 4 60 1 <50 <1 0.1 103 11 13 260 59600 15 222 <0.1 <2 23 500 <5 <2 690 24 <5 <5 130 126 15 12 17 <1 5 16 <1 3 15 14 <1 18 <1 43 <1
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Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
Metals/Elements Particle Size Analysis
BH263 Qvn Ballarat BH263/150715/0.3-0.6 0.3-0.6 Yes 50600 <5 <5 - 60 2 <50 <1 <1 116 11 15 150 60900 12 25 <0.1 <2 27 70 <5 <2 150 21 <5 <5 90 109 12 3 4 <1 2 4 <1 <1 4 4 <1 5 <1 78 <1
BH264 Qvn Ballarat BH264/150715/0-0.1 0-0.1 Yes 5030 <5 <5 1.7 20 <1 <50 <1 <0.1 24 4 <5 <40 16000 7 141 <0.1 <2 4 420 <5 <2 220 7 <5 <5 120 42 7 17 45 <1 13 30 <1 10 26 23 <1 64 10 10 <1
BH264 Qvn Ballarat BH264/150715/0.35-0.6 0.35-0.6 Yes 35300 <5 <5 - 100 2 <50 <1 <0.1 85 11 10 150 61200 20 312 <0.1 <2 20 140 <5 <2 100 18 <5 <5 160 114 12 19 22 <1 13 21 <1 3 20 20 <1 23 <1 47 <1
BH265 Qvn Ballarat BH265/150715/0-0.1 0-0.1 Yes 11600 <5 5 5.9 80 <1 <50 <1 <0.1 103 25 7 <40 54600 19 1310 <0.1 <2 14 340 <5 <2 280 10 <5 <5 350 103 18 14 21 <1 8 19 <1 <1 18 18 <1 24 <1 21 <1
BH265 Qvn Ballarat BH265/150715/0.35-0.6 0.35-0.6 Yes 23800 <5 12 - 140 1 <50 <1 <0.1 176 79 14 50 118000 39 2710 <0.1 <2 32 280 <5 <2 130 19 <5 <5 290 207 13 29 38 <1 17 36 <1 5 36 34 <1 39 <1 33 <1
BH266 Qvn Ballarat BH266/160715/0-0.1 0-0.1 Yes 11400 <5 16 11.5 80 <1 <50 <1 <0.1 44 12 <5 <40 35500 28 466 <0.1 <2 22 420 <5 <2 290 19 <5 <5 3590 62 71 4 45 <1 <1 35 <1 <1 28 20 <1 52 <1 14 <1
BH266 Qvn Ballarat BH266/160715/0.5-0.6 0.5-0.6 Yes 50200 <5 21 - 310 2 <50 <1 <0.1 96 31 12 100 83800 12 227 <0.1 <2 84 440 <5 <2 200 23 <5 <5 6660 134 42 6 28 <1 2 21 <1 <1 18 13 <1 33 <1 31 <1
BH267 Qvn Ballarat BH267/160715/0-0.1 0-0.1 Yes 5690 <5 <5 3.3 40 <1 <50 <1 <0.1 12 <2 <5 <40 9480 10 182 <0.1 <2 5 130 <5 <2 180 9 <5 <5 420 20 14 6 15 <1 3 11 <1 1 10 8 <1 20 <1 17 <1
BH267 Qvn Ballarat BH267/160715/0.45-0.6 0.45-0.6 Yes 10900 <5 7 - 30 <1 <50 3 <0.1 130 5 <5 <40 194000 23 201 <0.1 <2 14 280 <5 <2 150 14 <5 <5 620 118 6 41 50 <1 33 47 <1 24 46 44 <1 53 11 14 <1
BH268 Qvn Ballarat BH268/160715/0-0.1 0-0.1 Yes 10500 <5 <5 1.3 60 <1 <50 <1 <0.1 49 3 <5 <40 47700 16 45 <0.1 <2 11 250 <5 <2 370 4 <5 <5 600 75 11 6 15 <1 4 12 <1 <1 11 9 <1 19 <1 16 <1
BH268 Qvn Ballarat BH268/160715/0.45-0.6 0.45-0.6 Yes 54300 <5 <5 - 190 1 <50 <1 <0.1 136 27 16 130 86700 11 44 <0.1 <2 80 130 <5 <2 140 28 <5 <5 1060 148 25 7 16 <1 4 12 <1 <1 11 9 <1 21 <1 45 <1
BH269 Qvn Ballarat BH269/160715/0-0.1 0-0.1 Yes 8320 <5 <5 2.9 30 <1 <50 <1 <0.1 35 6 <5 <40 21000 10 148 <0.1 <2 8 150 <5 <2 280 7 <5 <5 300 40 8 6 11 <1 1 9 <1 <1 8 8 <1 15 <1 18 <1
BH269 Qvn Ballarat BH269/160715/0.45-0.6 0.45-0.6 Yes 52000 33 6 - 80 2 <50 <1 <0.1 185 29 17 170 110000 17 106 0.1 2 75 170 <5 <2 130 15 <5 <5 530 154 12 18 22 <1 10 21 <1 1 20 20 <1 24 <1 51 <1
BH270 Qvn Ballarat BH270/160715/0-0.1 0-0.1 Yes 10200 10 11 8.9 50 <1 <50 <1 <0.1 52 5 6 <40 34200 18 242 <0.1 <2 10 280 <5 <2 400 12 <5 <5 200 75 12 4 7 <1 3 6 <1 1 6 5 <1 10 <1 17 <1
BH270 Qvn Ballarat BH270/160715/0.5-0.6 0.5-0.6 Yes 35000 6 8 - 50 1 <50 2 <0.1 306 10 6 190 172000 24 89 <0.1 <2 24 150 <5 <2 150 17 <5 <5 290 257 8 33 36 <1 20 36 <1 1 35 35 <1 38 <1 32 <1
BH271 Qvn Ballarat BH271/160715/0-0.1 0-0.1 Yes 9370 <5 10 8.8 70 <1 <50 <1 <0.1 114 4 5 <40 64000 24 220 <0.1 <2 9 350 <5 <2 500 9 <5 <5 360 114 18 7 12 <1 6 10 <1 4 10 9 <1 15 4 19 <1
BH271 Qvn Ballarat BH271/160715/0.35-0.6 0.35-0.6 Yes 66500 <5 <5 - 70 2 <50 <1 <1 158 14 14 190 78900 12 33 0.1 <2 41 90 <5 <2 140 21 <5 <5 140 131 22 4 4 <1 2 4 <1 <1 4 4 <1 4 <1 87 <1
BH272 Qvn Ballarat BH272/160715/0-0.1 0-0.1 Yes 24800 <5 8 4.6 250 1 <50 <1 <0.1 83 44 22 60 67000 14 1310 <0.1 <2 87 1290 <5 <2 920 74 <5 <5 4520 80 102 6 11 <1 3 9 <1 1 8 8 <1 13 <1 21 <1
BH272 Qvn Ballarat BH272/160715/0.3-0.55 0.3-0.55 Yes 53600 <5 <5 - 560 2 <50 <1 <1 99 60 29 140 86200 <5 1390 <0.1 <2 214 1660 <5 <2 170 108 <5 <5 6400 105 106 16 19 <1 14 18 <1 8 18 17 <1 21 3 26 <1
BH273 Qvn Ballarat BH273/160715/0-0.1 0-0.1 Yes 32300 <5 8 5.4 510 2 <50 <1 <1 146 84 7 <40 115000 15 2030 <0.1 <2 209 1460 <5 <2 490 214 <5 <5 12500 147 102 1 6 <1 <1 5 <1 <1 4 3 <1 8 <1 31 <1
BH273 Qvn Ballarat BH273/160715/0.3-0.6 0.3-0.6 Yes 44900 <5 <5 - 520 3 <50 <1 <1 175 105 11 <40 145000 6 2140 <0.1 <2 286 950 <5 <2 180 124 <5 <5 15600 174 102 10 17 <1 9 15 <1 9 14 12 <1 20 9 25 <1
BH274 Qvn Ballarat BH274/160715/0-0.1 0-0.1 Yes 20700 <5 5 4.4 160 1 <50 <1 <0.1 72 27 17 <40 58900 21 2050 <0.1 <2 15 630 <5 <2 320 11 <5 <5 430 97 28 10 19 <1 4 17 <1 1 16 14 <1 22 <1 32 <1
BH274 Qvn Ballarat BH274/160715/0.45-0.6 0.45-0.6 Yes 38100 <5 6 - 140 2 <50 <1 <0.1 80 41 26 80 91900 19 1370 0.1 <2 29 860 <5 <2 170 36 <5 <5 240 129 20 33 40 <1 20 39 <1 6 38 37 <1 41 <1 39 <1
BH275 Qvn Ballarat BH275/170715/0-0.1 0-0.1 Yes 31700 <5 <5 2.2 260 2 <50 <1 <0.1 123 72 15 <40 103000 7 1510 <0.1 <2 179 1240 <5 <2 570 63 <5 <5 9680 116 106 6 14 <1 3 12 <1 <1 10 9 <1 17 <1 17 <1
BH275 Qvn Ballarat BH275/170715/0.4-0.6 0.4-0.6 Yes 54300 <5 <5 - 360 3 <50 <1 <1 154 93 21 <40 131000 <5 1950 <0.1 <2 300 720 <5 <2 130 53 <5 <5 12900 147 108 4 11 <1 3 9 <1 3 8 6 <1 15 3 38 <1
BH276 Qvn Ballarat BH276/170715/0-0.1 0-0.1 Yes 47100 <5 10 8.3 520 2 <50 <1 <0.1 60 41 25 100 68700 11 1600 0.1 <2 113 4490 <5 <2 760 345 <5 <5 6520 63 108 13 21 <1 10 18 <1 7 17 16 <1 25 3 22 <1
BH276 Qvn Ballarat BH276/170715/0.4-0.6 0.4-0.6 Yes 49200 <5 8 - 450 2 <50 <1 <1 99 57 32 200 86100 43 1380 <0.1 <2 36 900 <5 <2 490 179 <5 <5 2340 129 62 3 12 <1 2 8 <1 <1 7 5 <1 16 <1 27 <1
BH277 Qvn Greater Geelong BH277/170715/0-0.1 0-0.1 Yes 40300 6 <5 - 380 2 <50 <1 - 53 38 21 100 14200 <5 1140 <0.1 <2 119 2980 <5 <2 190 153 <5 <5 110 60 88 2 39 <1 <1 16 <1 <1 9 5 <1 58 <1 18 <1
BH277 Qvn Greater Geelong BH277/170715/0.4-0.6 0.4-0.6 Yes 37600 <5 <5 - 350 2 <50 <1 - 51 37 21 240 29100 <5 1070 <0.1 <2 113 2450 <5 <2 150 138 <5 <5 130 58 81 1 28 <1 <1 11 <1 <1 6 3 <1 42 <1 42 <1
BH278 Qvn Greater Geelong BH278/170715/0-0.1 0-0.1 Yes 7240 <5 5 - 30 <1 <50 <1 - 14 3 <5 190 14600 12 106 <0.1 <2 8 240 <5 <2 240 9 <5 <5 130 26 17 11 19 8 10 15 <1 8 13 12 <1 24 8 44 <1
BH278 Qvn Greater Geelong BH278/170715/0.3-0.45 0.3-0.45 Yes 20100 <5 10 - 60 1 <50 <1 - 32 14 10 270 30400 14 58 <0.1 <2 31 70 <5 <2 70 12 <5 <5 130 44 16 5 11 <1 4 8 <1 4 7 6 <1 14 4 63 <1
BH279 Qvn Greater Geelong BH279/170715/0-0.1 0-0.1 Yes 31000 <5 <5 - 170 1 <50 <1 - 64 16 18 190 33700 10 521 <0.1 <2 44 290 <5 <2 320 29 <5 <5 330 64 26 <1 9 <1 <1 4 <1 <1 3 2 <1 18 <1 33 <1
BH279 Qvn Greater Geelong BH279/170715/0.3-0.6 0.3-0.6 Yes 43400 <5 5 - 240 1 <50 <1 - 88 17 22 260 47000 8 424 <0.1 <2 59 200 <5 <2 230 38 <5 <5 400 86 31 <1 10 <1 <1 2 <1 <1 <1 <1 <1 27 <1 27 <1
BH280 Tpb Greater Dandenong BH280/280715/0.0-0.1 0-0.1 Yes 4640 <5 20 - 20 <1 <50 <1 - 12 <2 9 <40 18200 12 42 <0.1 <2 2 620 <5 <2 240 10 <5 <5 50 26 31 12 50 <1 10 28 <1 6 20 15 <1 62 <1 24 <1
BH280 Tpb Greater Dandenong BH280/280715/0.3-0.6 0.3-0.6 Yes 8350 <5 190 - <10 <1 <50 <1 - 13 2 <5 60 25800 7 26 <0.1 <2 4 <50 <5 <2 80 7 <5 <5 20 33 <5 10 49 <1 8 25 <1 3 17 13 <1 62 <1 29 <1
BH281 Tpb Greater Dandenong BH281/280715/0.0-0.1 0-0.1 Yes 3360 <5 6 - 10 <1 <50 <1 - 7 <2 <5 <40 4460 9 40 <0.1 <2 3 390 <5 <2 290 9 <5 <5 90 16 16 6 55 <1 3 26 <1 1 17 12 <1 75 <1 13 <1
BH281 Tpb Greater Dandenong BH281/280715/0.3-0.6 0.3-0.6 Yes 6390 <5 88 - <10 <1 <50 <1 - 20 <2 <5 <40 19200 5 9 <0.1 <2 3 <50 <5 <2 <50 2 <5 <5 50 86 <5 1 50 <1 <1 14 <1 <1 7 4 <1 75 <1 19 <1
BH282 Tpb Greater Dandenong BH282/280715/0.0-0.1 0-0.1 Yes 8130 <5 21 - 20 <1 <50 <1 - 14 3 9 40 16900 15 117 0.1 <2 6 980 <5 <2 450 17 <5 <5 30 56 34 9 41 <1 6 22 <1 3 16 13 <1 61 <1 21 <1
BH282 Tpb Greater Dandenong BH282/280715/0.4-0.6 0.4-0.6 Yes 15000 <5 16 - 50 1 <50 <1 - 22 6 <5 140 20900 8 13 <0.1 <2 10 <50 <5 <2 290 16 <5 <5 20 50 <5 7 26 <1 5 15 <1 4 12 10 <1 43 <1 46 <1
BH283 Tpb Greater Dandenong BH283/290715/0.0-0.1 0-0.1 Yes 2260 <5 <5 - <10 <1 <50 <1 - 4 <2 <5 <40 1400 12 12 <0.1 <2 <2 130 <5 <2 560 5 <5 <5 60 5 15 7 57 <1 2 39 <1 <1 27 18 <1 61 <1 14 <1
BH283 Tpb Greater Dandenong BH283/290715/0.4-0.6 0.4-0.6 Yes 7470 <5 14 - <10 <1 <50 <1 - 9 <2 <5 <40 2160 6 <5 <0.1 <2 <2 <50 <5 <2 490 <2 <5 <5 40 22 <5 7 71 <1 <1 48 <1 <1 32 22 <1 75 <1 12 <1
BH284 Tpb Greater Dandenong BH284/290715/0.0-0.1 0-0.1 Yes 4260 <5 <5 - 20 <1 <50 <1 - 10 <2 <5 <40 24500 20 97 <0.1 <2 <2 290 <5 <2 370 6 <5 <5 50 32 16 4 65 <1 3 45 <1 2 23 10 <1 68 2 12 <1
BH284 Tpb Greater Dandenong BH284/290715/0.3-0.6 0.3-0.6 Yes 2300 <5 <5 - <10 <1 <50 <1 - 4 <2 <5 <40 2990 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 50 10 <5 1 67 <1 1 45 <1 <1 21 8 <1 70 <1 5 <1
BH285 Tpb Greater Dandenong BH285/290715/0.0-0.1 0-0.1 Yes 8760 <5 <5 - 20 <1 <50 <1 - 16 <2 <5 <40 15800 12 91 <0.1 <2 3 210 <5 <2 310 6 <5 <5 60 34 14 5 56 <1 2 43 <1 <1 26 13 <1 60 <1 10 <1
BH285 Tpb Greater Dandenong BH285/290715/0.3-0.6 0.3-0.6 Yes 13100 <5 6 - 10 <1 <50 <1 - 36 <2 <5 50 46000 12 12 <0.1 <2 3 <50 <5 <2 120 4 <5 <5 100 78 <5 6 67 <1 6 48 <1 5 24 12 <1 69 5 21 <1
BH286 Tpb Greater Dandenong BH286/290715/0.0-0.1 0-0.1 Yes 2110 <5 <5 - 10 <1 <50 <1 - 4 <2 <5 <40 6630 20 41 <0.1 <2 <2 230 <5 <2 170 4 <5 <5 60 22 28 4 63 <1 1 34 <1 <1 19 10 <1 73 <1 8 <1
BH286 Tpb Greater Dandenong BH286/290715/0.4-0.6 0.4-0.6 Yes 1380 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 1470 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 60 9 20 2 60 <1 <1 32 <1 <1 17 9 <1 68 <1 9 <1
BH287 Tpb Monash BH287/290715/0.0-0.1 0-0.1 Yes 7210 <5 <5 - 20 <1 <50 <1 - 12 <2 7 <40 9580 26 85 <0.1 <2 2 640 <5 <2 580 8 <5 <5 60 25 51 6 43 <1 2 24 <1 <1 14 9 <1 47 <1 15 <1
BH287 Tpb Monash BH287/290715/0.3-0.6 0.3-0.6 Yes 31600 28 6 - 20 1 <50 <1 - 41 6 <5 200 57200 40 54 <0.1 <2 6 <50 <5 <2 230 9 <5 <5 70 91 23 9 21 <1 8 16 <1 4 12 10 <1 23 <1 52 <1
BH288 Tpb Monash BH288/300715/0.0-0.1 0-0.1 No 11700 10 8 - 90 <1 <50 <1 - 34 8 16 140 20100 295 172 0.2 <2 17 540 <5 <2 420 17 <5 <5 390 41 169 17 47 <1 11 37 <1 5 30 23 <1 50 5 14 <1
BH288 Tpb Monash BH288/300715/0.3-0.6 0.3-0.6 No 35500 <5 10 - 40 2 <50 <1 - 62 6 <5 210 64900 39 25 <0.1 <2 10 110 <5 <2 310 11 <5 <5 100 119 19 9 22 <1 7 18 <1 3 14 11 <1 23 <1 56 <1
BH289 Qvn Mitchell BH289/300715/0.0-0.1 0-0.1 Yes 13500 <5 <5 - 80 <1 <50 <1 - 54 12 9 40 33600 29 384 <0.1 <2 19 360 <5 <2 430 18 <5 <5 220 57 29 6 11 <1 3 10 <1 <1 9 9 <1 13 <1 30 <1
BH289 Qvn Mitchell BH289/300715/0.4-0.6 0.4-0.6 Yes 10300 <5 <5 - 50 <1 <50 <1 - 145 7 5 <40 73400 13 75 <0.1 <2 17 110 <5 <2 140 10 <5 <5 300 117 8 7 13 <1 1 12 <1 <1 12 11 <1 15 <1 27 <1
BH290 Qvn Mitchell BH290/300715/0.0-0.1 0-0.1 Yes 15600 <5 <5 - 100 <1 <50 <1 - 84 7 9 80 53600 16 190 <0.1 <2 16 460 <5 <2 480 14 <5 <5 320 91 20 16 19 <1 12 18 <1 5 18 18 <1 20 <1 31 <1
BH290 Qvn Mitchell BH290/300715/0.45-0.6 0.45-0.6 Yes 43000 <5 <5 - 90 1 <50 <1 - 168 12 13 80 87100 10 19 <0.1 <2 35 200 <5 <2 210 11 <5 <5 310 124 11 17 18 <1 12 18 <1 3 18 18 <1 19 <1 50 <1
BH291 Qvn Mitchell BH291/300715/0.0-0.1 0-0.1 Yes 18600 <5 <5 - 100 <1 <50 <1 - 277 24 10 <40 100000 12 455 <0.1 <2 47 420 <5 <2 310 11 <5 <5 1190 106 40 12 17 <1 6 15 <1 1 14 14 <1 21 <1 25 <1
BH291 Qvn Mitchell BH291/300715/0.3-0.6 0.3-0.6 Yes 47600 <5 <5 - 180 2 <50 1 - 295 21 12 60 110000 5 112 <0.1 <2 114 270 <5 <2 140 22 <5 <5 1160 139 38 18 25 <1 13 23 <1 6 22 21 <1 29 <1 26 <1
BH292 Qvn Mitchell BH292/300715/0.0-0.1 0-0.1 Yes 14400 <5 <5 - 120 <1 <50 <1 - 70 12 14 70 30900 14 453 <0.1 <2 22 610 <5 <2 600 24 <5 <5 140 60 35 4 9 <1 <1 8 <1 <1 7 6 <1 11 <1 29 <1
BH292 Qvn Mitchell BH292/300715/0.3-0.6 0.3-0.6 Yes 24100 <5 <5 - 130 1 <50 <1 - 99 11 16 60 43800 9 39 <0.1 <2 34 130 <5 <2 120 24 <5 <5 160 72 20 11 16 <1 4 16 <1 <1 15 14 <1 18 <1 28 <1
BH293 Qvn Mitchell BH293/300715/0.0-0.1 0-0.1 Yes 18200 <5 <5 - 80 <1 <50 <1 - 205 5 12 <40 98500 15 144 <0.1 <2 27 370 <5 <2 380 12 <5 <5 850 110 26 8 12 <1 4 12 <1 <1 11 11 <1 15 <1 26 <1
BH293 Qvn Mitchell BH293/300715/0.3-0.6 0.3-0.6 Yes 41800 <5 <5 - 80 2 <50 1 - 231 11 28 100 109000 8 30 <0.1 <2 53 340 <5 <2 210 12 <5 <5 910 173 19 14 17 <1 10 17 <1 4 16 16 <1 18 <1 46 <1
BH294 Qvn Mitchell BH294/300715/0.0-0.1 0-0.1 Yes 21600 <5 <5 - 170 1 <50 <1 - 109 18 20 40 49600 19 352 <0.1 <2 32 550 <5 <2 630 36 <5 <5 660 104 28 3 7 <1 1 6 <1 <1 6 5 <1 8 <1 37 <1
BH294 Qvn Mitchell BH294/300715/0.3-0.6 0.3-0.6 Yes 16200 27 <5 - 130 2 <50 <1 - 151 20 20 40 86400 14 209 <0.1 <2 34 160 <5 <2 140 32 <5 <5 620 151 11 10 14 <1 6 13 <1 <1 13 12 <1 14 <1 47 <1
BH295 Tpb Frankston BH295/040815/0.0-0.1 0-0.1 Yes 3670 <5 5 - 40 <1 <50 <1 - 16 3 7 330 6120 17 35 <0.1 <2 6 170 <5 <2 240 5 <5 <5 90 25 17 6 64 <1 2 40 <1 2 27 16 <1 75 <1 10 <1
BH295 Tpb Frankston BH295/040815/0.4-0.6 0.4-0.6 Yes 1810 <5 <5 - <10 <1 <50 <1 - 5 <2 <5 70 3990 <5 11 <0.1 <2 <2 <50 <5 <2 80 <2 <5 <5 20 14 <5 6 66 <1 2 38 <1 <1 24 13 <1 80 <1 7 <1
BH296 Tpb Frankston BH296/040815/0.0-0.1 0-0.1 Yes 1540 <5 <5 - 10 <1 <50 <1 - 3 <2 <5 <40 1740 11 20 <0.1 <2 <2 110 <5 <2 210 5 <5 <5 40 6 6 2 61 <1 <1 15 <1 <1 8 4 <1 75 <1 6 <1
BH296 Tpb Frankston BH296/040815/0.5-0.6 0.5-0.6 Yes 16200 <5 <5 - 20 <1 <50 <1 - 26 <2 <5 40 18300 6 8 <0.1 <2 7 <50 <5 <2 90 4 <5 <5 60 43 <5 16 63 <1 14 23 <1 12 18 16 <1 75 <1 12 <1
BH297 Tpb Frankston BH297/040815/0.0-0.1 0-0.1 Yes 2490 <5 <5 - 40 <1 <50 <1 - 4 <2 10 <40 2580 40 64 <0.1 3 <2 460 <5 <2 700 20 <5 <5 30 <5 68 6 54 <1 2 33 <1 <1 22 14 <1 59 <1 11 <1
BH297 Tpb Frankston BH297/040815/0.55-0.6 0.55-0.6 Yes <50 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 630 <50 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 20 <5 <5 <1 67 <1 <1 27 <1 <1 12 3 <1 78 <1 3 <1
BH298 Tpb Frankston BH298/040815/0.0-0.1 0-0.1 Yes 520 <5 <5 - 10 <1 <50 <1 - <2 <2 <5 500 690 <5 66 <0.1 <2 <2 160 <5 <2 340 6 <5 <5 20 <5 9 1 72 <1 <1 36 <1 <1 18 6 <1 80 <1 4 <1
BH298 Tpb Frankston BH298/040815/0.3-0.6 0.3-0.6 Yes 310 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 230 630 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 40 <5 <5 <1 73 <1 <1 33 <1 <1 15 4 <1 81 <1 5 <1
BH299 Tpb Frankston BH299/040815/0.0-0.1 0-0.1 Yes 1560 <5 <5 - 10 <1 <50 <1 - 2 <2 <5 250 2170 8 9 <0.1 <2 <2 130 <5 <2 380 6 <5 <5 40 9 7 2 49 <1 <1 24 <1 <1 13 6 <1 55 <1 13 <1
BH299 Tpb Frankston BH299/040815/0.5-0.6 0.5-0.6 Yes 42700 <5 6 - 60 2 <50 <1 - 58 5 <5 260 60600 15 12 <0.1 <2 12 <50 <5 <2 210 18 <5 <5 60 99 5 1 14 <1 <1 7 <1 <1 4 2 <1 16 <1 74 <1
BH300 Tpb Mornington Peninsula BH300/040815/0.0-0.1 0-0.1 Yes 2250 <5 <5 - 10 <1 <50 <1 - 3 <2 <5 <40 2750 7 14 <0.1 <2 <2 90 <5 <2 350 5 <5 <5 50 10 <5 4 53 <1 <1 35 <1 <1 25 16 <1 61 <1 12 <1
BH300 Tpb Mornington Peninsula BH300/040815/0.35-0.6 0.35-0.6 Yes 30600 <5 9 - 40 1 <50 <1 - 37 4 <5 150 32000 13 30 <0.1 <2 9 <50 <5 <2 180 12 <5 <5 260 63 14 4 22 <1 1 15 <1 <1 11 8 <1 25 <1 62 <1
Page 8 of 18
Project: Con/2013/02221
Mikkonen, H, Dasika, R, Wallis, C,  Clarke, B and Reichman, S
Victorian Background Soil Database Table A2: Victorian Background Soil Survey -Summary of Results RMIT University
June 2017
Al
um
in
iu
m
An
tim
on
y
Ar
se
ni
c
Ar
se
ni
c R
e-
te
st
 (I
CP
-M
S)
Ba
riu
m
Be
ry
lli
um
Bo
ro
n
Ca
dm
iu
m
Ca
dm
iu
m
 R
e-
te
st
 (I
CP
-M
S)
Ch
ro
m
iu
m
 (I
II+
VI
)
Co
ba
lt
Co
pp
er
Fl
uo
rid
e
Iro
n
Le
ad
M
an
ga
ne
se
M
er
cu
ry
M
ol
yb
de
nu
m
N
ic
ke
l
Ph
os
ph
or
us
Se
le
ni
um
Si
lv
er
Su
lp
hu
r a
s S
St
ro
nt
iu
m
Th
al
liu
m
Ti
n
Ti
ta
ni
um
Va
na
di
um
Zi
nc
+1
18
0µ
m
+1
50
µm
+1
9.
0m
m
+2
.3
6m
m
+3
00
µm
+3
7.
5m
m
+4
.7
5m
m
+4
25
µm
+6
00
µm
+7
5.
0m
m
+7
5µ
m
+9
.5
m
m
Cl
ay
 (<
2 
µm
)
Co
bb
le
s (
>6
cm
)
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg % % % % % % % % % % % % % %
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Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
Metals/Elements Particle Size Analysis
BH301 Tpb Casey BH301/040815/0.0-0.1 0-0.1 Yes 10700 <5 <5 - 40 <1 <50 <1 - 20 4 11 80 14700 12 276 <0.1 <2 9 590 <5 <2 570 20 <5 <5 180 33 35 2 40 <1 <1 16 <1 <1 10 6 <1 51 <1 23 <1
BH301 Tpb Casey BH301/040815/0.4-0.6 0.4-0.6 Yes 40700 <5 9 - 40 1 <50 <1 - 67 5 <5 210 64100 11 17 <0.1 <2 20 70 <5 <2 470 13 <5 <5 100 126 <5 9 25 <1 8 16 <1 3 13 11 <1 29 <1 59 <1
BH302 Qvn Mitchell BH302/050815/0.0-0.1 0-0.1 Yes 20900 <5 <5 - 140 1 <50 <1 - 75 24 24 40 35700 12 464 <0.1 <2 61 350 <5 <2 410 43 <5 <5 300 66 26 <1 3 <1 <1 2 <1 <1 2 2 <1 5 <1 49 <1
BH302 Qvn Mitchell BH302/050815/0.3-0.6 0.3-0.6 Yes 25200 36 <5 - 200 1 <50 <1 - 78 38 35 100 37000 6 785 <0.1 3 135 100 <5 <2 140 47 <5 <5 270 52 21 <1 2 <1 <1 1 <1 <1 1 <1 <1 3 <1 62 <1
BH303 Qvn Mitchell BH303/050815/0.0-0.1 0-0.1 Yes 11000 7 <5 - 50 <1 <50 <1 - 53 8 10 <40 48700 16 192 <0.1 <2 22 280 <5 <2 350 18 <5 <5 100 107 12 2 4 <1 <1 4 <1 <1 4 3 <1 6 <1 33 <1
BH303 Qvn Mitchell BH303/050815/0.5-0.6 0.5-0.6 Yes 29200 <5 <5 - 70 1 <50 <1 - 68 14 18 120 37000 9 54 <0.1 <2 46 80 <5 <2 140 27 <5 <5 80 46 14 3 4 <1 <1 4 <1 <1 4 4 <1 5 <1 58 <1
BH304 Qvn Mitchell BH304/050815/0.0-0.1 0-0.1 Yes 10500 <5 <5 - 180 1 <50 <1 - 62 8 9 180 25700 11 176 <0.1 <2 14 420 <5 <2 390 30 <5 <5 250 60 18 5 7 <1 4 7 <1 2 6 6 <1 12 <1 32 <1
BH304 Qvn Mitchell BH304/050815/0.3-0.6 0.3-0.6 Yes 29500 <5 19 - 150 2 <50 <1 - 108 9 9 370 56100 13 18 <0.1 <2 15 120 <5 <2 150 23 <5 <5 70 113 8 <1 2 <1 <1 1 <1 <1 1 1 <1 3 <1 74 <1
BH305 Qvn Mitchell BH305/050815/0.0-0.1 0-0.1 Yes 12100 <5 <5 - 270 2 <50 <1 - 130 20 24 120 49400 10 266 <0.1 <2 34 650 <5 <2 480 53 <5 <5 970 77 29 5 8 <1 2 8 <1 1 7 7 <1 10 <1 35 <1
BH305 Qvn Mitchell BH305/050815/0.3-0.6 0.3-0.6 Yes 30400 <5 <5 - 230 2 <50 <1 - 228 28 35 280 96400 6 49 <0.1 <2 66 260 <5 <2 140 48 <5 <5 940 191 30 8 12 <1 3 12 <1 <1 12 11 <1 14 <1 48 <1
BH306 Tpb Bayside BH306/280815/0.0-0.1 0-0.1 Yes 1680 <5 <5 - <10 <1 <50 <1 - 7 <2 <5 60 2960 5 15 <0.1 <2 <2 80 <5 <2 130 9 <5 <5 30 26 5 5 40 <1 2 19 <1 <1 10 7 <1 84 <1 9 <1
BH306 Tpb Bayside BH306/280815/0.3-0.6 0.3-0.6 Yes 1730 <5 5 - <10 <1 <50 <1 - 7 <2 <5 <40 3340 <5 14 <0.1 <2 <2 80 <5 <2 140 9 <5 <5 30 30 6 <1 39 <1 <1 16 <1 <1 6 2 <1 88 <1 8 <1
BH307 Tpb Bayside BH307/280815/0.0-0.1 0-0.1 Yes 4870 <5 34 - 30 1 <50 <1 - 39 14 <5 80 42900 34 385 <0.1 <2 23 250 <5 <2 190 13 <5 <5 160 108 69 <1 30 <1 <1 10 <1 <1 6 4 <1 75 <1 12 <1
BH307 Tpb Bayside BH307/280815/0.3-0.6 0.3-0.6 Yes 3160 <5 12 - 10 <1 <50 <1 - 15 3 <5 50 16800 <5 53 <0.1 <2 6 <50 <5 <2 100 6 <5 <5 60 47 13 2 47 <1 <1 22 <1 <1 14 9 <1 84 <1 12 <1
BH308 Tpb Bayside BH308/280815/0.0-0.1 0-0.1 Yes 940 <5 <5 - 10 <1 <50 <1 - 2 <2 6 <40 1750 22 36 <0.1 <2 3 150 <5 <2 410 15 <5 <5 60 <5 24 5 76 <1 <1 47 <1 <1 31 20 <1 84 <1 6 <1
BH308 Tpb Bayside BH308/280815/0.3-0.6 0.3-0.6 Yes 110 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 130 <5 <5 <0.1 <2 <2 <50 <5 <2 60 <2 <5 <5 20 <5 <5 4 76 <1 <1 47 <1 <1 32 21 <1 87 <1 4 <1
BH309 Tpb Port Phillip BH309/280815/0.0-0.1 0-0.1 Yes 5400 <5 28 - 30 <1 <50 <1 - 14 5 12 90 20400 54 74 <0.1 <2 12 370 <5 <2 460 9 <5 <5 80 43 64 2 54 <1 <1 26 <1 <1 14 8 <1 67 <1 12 <1
BH309 Tpb Port Phillip BH309/280815/0.4-0.6 0.4-0.6 Yes 19100 <5 37 - 70 1 <50 <1 - 46 9 <5 170 25900 15 70 <0.1 <2 16 <50 <5 <2 180 37 <5 <5 40 117 8 4 21 <1 2 11 <1 <1 9 7 <1 39 <1 46 <1
BH310 Tpb Monash BH310/280815/0.0-0.1 0-0.1 Yes 850 <5 <5 - 10 <1 <50 <1 - <2 <2 11 <40 1400 16 35 <0.1 <2 <2 160 <5 <2 300 4 <5 <5 30 <5 165 4 87 <1 1 47 <1 <1 21 11 <1 89 <1 <1 <1
BH310 Tpb Monash BH310/280815/0.3-0.6 0.3-0.6 Yes 110 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 140 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 40 <5 15 1 87 <1 <1 37 <1 <1 14 7 <1 90 <1 1 <1
BH311 Tpb Greater Dandenong BH311/290815/0.0-0.1 0-0.1 Yes 6410 <5 <5 - 40 <1 <50 <1 - 10 <2 <5 100 5240 11 <5 <0.1 <2 2 160 <5 <2 250 8 <5 <5 40 20 6 2 45 <1 <1 29 <1 <1 19 9 <1 50 <1 21 <1
BH311 Tpb Greater Dandenong BH311/290815/0.3-0.6 0.3-0.6 Yes 15800 <5 <5 - 220 <1 <50 <1 - 20 2 7 <40 14300 11 13 <0.1 <2 5 <50 <5 <2 260 24 <5 <5 20 36 <5 3 40 <1 <1 27 <1 <1 19 10 <1 44 <1 37 <1
BH312 Tpb Casey BH312/290815/0.0-0.1 0-0.1 Yes 2050 <5 <5 - <10 <1 <50 <1 - 4 <2 <5 <40 1930 <5 <5 <0.1 <2 <2 90 <5 <2 170 <2 <5 <5 40 9 <5 5 70 <1 <1 51 <1 <1 38 21 <1 78 <1 8 <1
BH312 Tpb Casey BH312/290815/0.3-0.6 0.3-0.6 Yes 2260 28 <5 - <10 <1 <50 <1 - 5 <2 <5 <40 1290 <5 <5 <0.1 <2 <2 <50 <5 <2 60 <2 <5 <5 40 10 <5 9 72 <1 <1 57 <1 <1 44 26 <1 80 <1 7 <1
BH313 Tpb Mornington Peninsula BH313/290815/0.0-0.1 0-0.1 Yes 11500 19 <5 - 40 <1 <50 <1 - 15 3 6 <40 6800 23 144 <0.1 <2 5 520 <5 <2 750 13 <5 <5 50 25 23 1 26 <1 <1 12 <1 <1 6 4 <1 37 <1 27 <1
BH313 Tpb Mornington Peninsula BH313/290815/0.35-0.6 0.35-0.6 Yes 2070 <5 <5 - <10 <1 <50 <1 - 5 <2 <5 <40 1890 <5 6 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 30 14 <5 2 50 <1 <1 25 <1 <1 15 7 <1 67 <1 11 <1
BH314 Tpb Mornington Peninsula BH314/290815/0.0-0.1 0-0.1 Yes 1490 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 1170 5 7 <0.1 <2 <2 130 <5 <2 200 2 <5 <5 30 <5 <5 <1 58 <1 <1 29 <1 <1 15 5 <1 68 <1 6 <1
BH314 Tpb Mornington Peninsula BH314/290815/0.3-0.6 0.3-0.6 Yes 1620 <5 <5 - <10 <1 <50 <1 - <2 <2 <5 <40 650 <5 <5 <0.1 <2 <2 <50 <5 <2 <50 <2 <5 <5 30 <5 <5 2 61 <1 2 30 <1 1 15 5 <1 71 <1 9 <1
BH315 Tpb Mornington Peninsula BH315/290815/0.0-0.1 0-0.1 Yes 12000 <5 <5 - 40 <1 <50 <1 - 26 6 11 120 21700 27 140 <0.1 <2 11 280 <5 <2 360 16 <5 <5 60 38 37 1 4 <1 <1 4 <1 <1 2 2 <1 9 <1 32 <1
BH315 Tpb Mornington Peninsula BH315/290815/0.4-0.6 0.4-0.6 Yes 23200 <5 11 - 30 1 <50 <1 - 53 9 <5 100 59300 12 22 <0.1 <2 15 <50 <5 <2 250 14 <5 <5 50 122 7 2 9 <1 1 5 <1 <1 4 3 <1 18 <1 44 <1
BH316 Tpb Mornington Peninsula BH316/290815/0.0-0.1 0-0.1 Yes 5220 <5 <5 - 20 <1 <50 <1 - 10 <2 <5 50 9410 10 69 <0.1 <2 2 200 <5 <2 580 8 <5 <5 70 28 6 1 5 <1 <1 3 <1 <1 2 2 <1 14 <1 16 <1
BH316 Tpb Mornington Peninsula BH316/290815/0.3-0.6 0.3-0.6 Yes 25100 <5 <5 - 20 <1 <50 <1 - 43 3 <5 90 35200 9 11 <0.1 <2 7 <50 <5 <2 190 10 <5 <5 30 62 6 2 6 <1 2 4 <1 <1 4 3 <1 11 <1 51 <1
BH317 Tpb Mornington Peninsula BH317/290815/0.0-0.1 0-0.1 Yes 4310 <5 <5 - 20 <1 <50 <1 - 6 <2 <5 50 3920 11 39 <0.1 <2 2 390 <5 <2 580 8 <5 <5 50 12 17 5 26 <1 <1 14 <1 <1 10 7 <1 41 <1 10 <1
BH317 Tpb Mornington Peninsula BH317/290815/0.5-0.6 0.5-0.6 Yes 19300 <5 <5 - 20 <1 <50 <1 - 27 3 <5 120 19500 7 6 <0.1 <2 6 <50 <5 <2 130 3 <5 <5 40 52 <5 11 29 <1 8 18 <1 2 14 13 <1 42 <1 36 <1
BH318 Qvn Mitchell BH318/310815/0.0-0.1 0-0.1 Yes 11900 <5 <5 - 280 2 <50 <1 - 84 10 22 200 38000 8 302 <0.1 <2 28 610 <5 <2 510 72 <5 <5 640 54 24 2 8 <1 <1 7 <1 <1 6 4 <1 10 <1 20 <1
BH318 Qvn Mitchell BH318/310815/0.4-0.6 0.4-0.6 Yes 33800 <5 <5 - 380 2 <50 <1 - 202 22 35 860 79900 7 64 <0.1 <2 71 350 <5 <2 140 95 <5 <5 860 94 27 7 10 <1 3 9 <1 <1 9 9 <1 11 <1 55 <1
BH319 Qvn Mitchell BH319/310815/0.0-0.1 0-0.1 Yes 8160 <5 <5 - 110 <1 <50 <1 - 78 4 6 <40 40200 13 157 <0.1 <2 8 360 <5 <2 450 20 <5 <5 240 65 12 1 5 <1 <1 4 <1 <1 3 3 <1 10 <1 18 <1
BH319 Qvn Mitchell BH319/310815/0.3-0.6 0.3-0.6 Yes 35200 <5 <5 - 140 1 <50 <1 - 159 9 15 160 76300 13 15 <0.1 <2 15 90 <5 <2 160 21 <5 <5 80 132 8 11 12 <1 10 12 <1 9 12 12 <1 14 8 59 <1
BH320 Tpb Greater Geelong BH320/120915/0-0.1 0-0.1 Yes 8890 5 16 - 20 <1 <50 <1 - 25 <2 <5 100 33000 9 43 <0.1 <2 3 210 <5 <2 410 10 <5 <5 120 73 <5 34 46 <1 30 37 <1 27 36 35 <1 63 17 14 <1
BH320 Tpb Greater Geelong BH320/120915/0.3-0.6 0.3-0.6 Yes 44700 <5 26 - 20 2 <50 <1 - 83 8 <5 440 79000 14 10 <0.1 <2 15 50 <5 <2 300 24 <5 <5 170 167 <5 19 22 <1 18 20 <1 15 20 20 <1 28 7 53 <1
Notes: 
Qvn= Tertiary-Quaternary Basalt, Sla/Sud= Silurian Siltstone and Sandstone, Tpb= Tertiary Sediments
LGA= Local Government Area
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH001 Sud Darebin BH001/230714/0.0-0.1 0-0.1 Yes
BH001 Sud Darebin BH001/230714/0.3-0.5 0.3-0.5 Yes
BH002 Sud Darebin BH002/230714/0.0-0.1 0-0.1 Yes
BH002 Sud Darebin BH002/230714/0.3-0.5 0.3-0.5 Yes
BH003 Qvn Darebin BH003/230714/0.0-0.1 0-0.1 Yes
BH003 Qvn Darebin BH003/230714/0.3-0.34 0.3-0.34 Yes
BH004 Qvn Darebin BH004/300714/0.0-0.1 0-0.1 Yes
BH004 Qvn Darebin BH004/300714/0.3-0.45 0.3-0.45 Yes
BH005 Qvn Darebin BH005/300714/0.0-0.1 0-0.1 Yes
BH005 Qvn Darebin BH005/300714/0.3-0.6 0.3-0.6 Yes
BH006 Tpb Darebin BH006/300714/0.0-0.1 0-0.1 Yes
BH006 Tpb Darebin BH006/300714/0.3-0.45 0.3-0.45 Yes
BH007 Tpb Darebin BH007/300714/0.0-0.1 0-0.1 Yes
BH007 Tpb Darebin BH007/300714/0.35-0.48 0.35-0.48 Yes
BH008 Tpb Darebin BH008/300714/0.0-0.1 0-0.1 Yes
BH008 Tpb Darebin BH008/300714/0.45-0.6 0.45-0.6 Yes
BH009 Tpb Darebin BH009/050814/0.0-0.1 0-0.1 Yes
BH009 Tpb Darebin BH009/050814/0.45-0.6 0.45-0.6 Yes
BH010 Sud Whittlesea BH010/050814/0.0-0.1 0-0.1 Yes
BH010 Sud Whittlesea BH010/050814/0.3-0.6 0.3-0.6 Yes
BH011 Sud Whittlesea BH011/050814/0.0-0.1 0-0.1 Yes
BH011 Sud Whittlesea BH011/050814/0.3-0.6 0.3-0.6 Yes
BH012 Sla Whittlesea BH012/031214/0.0-0.1 0-0.1 Yes
BH012 Sla Whittlesea BH012/031214/0.45-0.6 0.45-0.6 Yes
BH013 Sud Whittlesea BH013/031214/0.0-0.1 0-0.1 Yes
BH013 Sud Whittlesea BH013/031214/0.4-0.55 0.4-0.55 Yes
BH014 Qvn Whittlesea BH014/041214/0.0-0.1 0-0.1 Yes
BH014 Qvn Whittlesea BH014/041214/0.45-0.6 0.45-0.6 Yes
BH015 Qvn Whittlesea BH015/041214/0.0-0.1 0-0.1 Yes
BH015 Qvn Whittlesea BH015/041214/0.35-0.6 0.35-0.6 Yes
BH016 Qvn Whittlesea BH016/041214/0.0-0.1 0-0.1 Yes
BH016 Qvn Whittlesea BH016/041214/0.3-0.35 0.3-0.35 Yes
BH017 Qvn Brimbank BH017/051214/0.0-0.1 0-0.1 Yes
BH017 Qvn Brimbank BH017/051214/0.35-0.45 0.35-0.45 Yes
BH018 Qvn Brimbank BH018/051214/0.0-0.1 0-0.1 Yes
BH018 Qvn Brimbank BH018/051214/0.1-0.35 0.1-0.35 Yes
BH019 Qvn Brimbank BH019/051214/0.0-0.04 0-0.04 No
BH019 Qvn Brimbank BH019/051214/0.04-0.3 0.04-0.3 No
BH020 Qvn Brimbank BH020/051214/0.0-0.1 0-0.1 Yes
BH020 Qvn Brimbank BH020/051214/0.4-0.6 0.4-0.6 Yes
BH021 Qvn Hume BH021/051214/0.0-0.1 0-0.1 Yes
BH021 Qvn Hume BH021/051214/0.55-0.65 0.55-0.65 Yes
BH022 Qvn Brimbank BH022/051214/0.05-0.1 0.05-0.1 Yes
BH022 Qvn Brimbank BH022/051214/0.0-0.05 0-0.05 Yes
BH023 Sla Manningham BH023/081214/0.0-0.1 0-0.1 Yes
BH023 Sla Manningham BH023/081214/0.4-0.55 0.4-0.55 Yes
BH024 Sla Nillumbik BH024/081214/0.0-0.1 0-0.1 Yes
BH024 Sla Nillumbik BH024/081214/0.3-0.5 0.3-0.5 Yes
BH025 Sla Manningham BH025/081214/0.0-0.05 0-0.05 Yes
BH025 Sla Manningham BH025/081214/0.35-0.6 0.35-0.6 Yes
BH026 Sud Nillumbik BH026/081214/0.0-0.05 0-0.05 Yes
BH026 Sud Nillumbik BH026/081214/0.3-0.4 0.3-0.4 Yes
BH027 Sla Nillumbik BH027/081214/0.0-0.1 0-0.1 Yes
BH027 Sla Nillumbik BH027/081214/0.25-0.55 0.25-0.55 Yes
BH028 Sla Manningham BH028/091214/0.0-0.1 0-0.1 Yes
BH028 Sla Manningham BH028/091214/0.35-0.55 0.35-0.55 Yes
BH029 Sla Manningham BH029/091214/0.0-0.1 0-0.1 Yes
BH029 Sla Manningham BH029/091214/0.3-0.5 0.3-0.5 Yes
BH030 Sud Manningham BH030/091214/0.0-0.1 0-0.1 Yes
BH030 Sud Manningham BH030/091214/0.3-0.4 0.3-0.4 Yes
BH031 Sud Manningham BH031/091214/0.0-0.1 0-0.1 Yes
BH031 Sud Manningham BH031/091214/0.4-0.5 0.4-0.5 Yes
BH032 Sud Manningham BH032/091214/0.0-0.1 0-0.1 Yes
BH032 Sud Manningham BH032/091214/0.3-0.4 0.3-0.4 Yes
BH033 Sud Manningham BH033/091214/0.0-0.1 0-0.1 Yes
BH033 Sud Manningham BH033/091214/0.3-0.4 0.3-0.4 Yes
BH034 Sud Nillumbik BH034/101214/0.0-0.05 0-0.05 Yes
BH034 Sud Nillumbik BH034/101214/0.45-0.6 0.45-0.6 Yes
BH035 Sla Nillumbik BH035/101214/0.0-0.1 0-0.1 Yes
BH035 Sla Nillumbik BH035/101214/0.35-0.5 0.35-0.5 Yes
BH036 Sla Nillumbik BH036/101214/0.0-0.1 0-0.1 Yes
BH036 Sla Nillumbik BH036/101214/0.35-0.45 0.35-0.45 Yes
BH037 Sla Nillumbik BH037/101214/0.0-0.1 0-0.1 Yes
BH037 Sla Nillumbik BH037/101214/0.3-0.4 0.3-0.4 Yes
BH038 Sla Nillumbik BH038/101214/0.0-0.1 0-0.1 Yes
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% % % g/cm3 mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g meq/100g pH_Units % % %
1 1 1 0.01 50 0.1 50 0.1 50 0.1 50 0.1 0.1 0.1 1 0.5 0.5
<1 30 57 2.04 4260 18.7 850 6.7 1440 2.6 130 0.3 28.3 4.8 17.5 15.8 9.1
<1 27 56 2.48 1120 3.7 460 2 710 0.6 110 <0.1 6.3 5.3 6.6 3 1.8
4 22 58 2.5 1090 4.5 510 1.9 810 0.4 80 <0.1 6.8 5.2 23.1 4.4 2.6
3 7 18 2.56 1050 3.4 2530 9.2 2510 0.6 620 1.2 14.4 6.1 23.5 1.3 0.8
<1 13 47 2.26 3150 11.3 2210 9.8 1030 0.4 110 0.1 21.6 5.1 25.7 8.5 4.9
1 11 37 2.46 3490 11.9 3440 13.4 1380 0.3 150 0.3 26 5.2 25.3 5.8 3.3
3 25 42 1.84 4880 12.8 2920 9.8 1800 0.9 250 0.2 23.8 4.9 13.5 16.3 9.5
<1 20 40 2.69 3020 8.7 4440 16.8 1520 0.8 830 1.8 28.1 5.7 16.6 9.7 5.6
1 23 37 2.66 1920 7.4 3420 11.8 1240 0.4 380 1 20.7 5.5 24.4 4.9 2.8
<1 17 38 2.71 2240 9.5 4480 17.8 1010 0.3 1450 3.2 30.8 7.5 22.9 1 0.6
1 60 28 2 330 1 280 1 250 0.1 <50 <0.1 2.1 3.8 6.4 12.2 7
3 23 13 2.68 930 3.7 1840 6.3 1800 0.1 460 0.6 10.7 5.8 19.3 1.4 0.8
<1 66 23 2.42 330 1 230 0.5 220 <0.1 <50 <0.1 1.6 3.8 8.1 <0.5 <0.5
<1 53 7 2.76 610 2.6 610 2.7 570 <0.1 130 0.2 5.5 4.8 17 1 0.6
1 51 32 1.79 310 1.1 250 0.7 280 <0.1 <50 <0.1 1.8 3.5 8.4 9.9 5.7
1 52 28 2.7 80 0.3 220 0.7 170 <0.1 70 <0.1 1 4.6 6.8 2 1.1
2 45 35 2.54 980 5.8 540 2 310 0.2 <50 <0.1 8 4.5 8.6 3.1 1.8
8 43 17 2.83 420 1.2 950 3 440 <0.1 330 0.4 4.7 5.6 15.5 1.7 1
7 28 48 2.55 1420 3.8 560 1.8 470 0.3 90 <0.1 6 4.7 7.3 5.9 3.4
3 7 17 2.82 920 2 2930 8.7 2490 0.9 1650 2.5 14.1 6.6 21.7 1.3 0.8
9 27 37 1.95 1400 4.4 1280 4.4 650 0.3 140 0.1 9.2 4.6 9.1 6.8 3.9
1 23 41 2.58 1360 3.6 4340 10.7 910 0.1 2590 3.8 18.3 6.3 20.7 2.9 1.7
1 6 56 2.21 2710 7.8 4100 5.6 2110 0.7 110 <0.1 14.2 5.4 11 12.6 7.3
1 4 47 2.7 670 2.2 8930 5.8 1650 0.3 170 0.3 8.6 5.2 13.3 2.2 1.3
1 16 48 2.33 760 1.4 850 2.2 1060 0.2 70 <0.1 4.1 3.9 10.5 3.7 2.2
3 12 37 2.68 80 0.2 1450 4.1 1410 0.3 240 0.2 5 4.3 10.9 2.8 1.6
1 11 61 1.92 2760 8.1 1240 4.8 640 0.3 140 0.1 13.4 4.9 13.2 12.1 7
<1 9 51 2.55 1050 4.3 2360 9.6 520 0.2 490 0.9 14.9 4.4 13.7 2 1.2
1 38 44 2.27 330 1.1 360 0.8 340 <0.1 <50 <0.1 2 3.8 6 8.1 4.7
<1 22 33 2.62 740 1.6 2820 5 1220 <0.1 1000 1.1 7.8 6.1 14.8 1.4 0.8
7 20 37 2.04 4470 8.9 7320 9.3 1090 0.6 300 0.1 19 5.4 14.5 13.5 7.8
9 18 36 2.67 3920 10.7 7340 11.3 480 0.2 270 0.2 22.4 6.6 13.2 5.6 3.2
9 20 35 2.21 6100 9.3 8160 4.5 3580 1.2 340 0.1 15.3 5.2 36.3 19 11
20 17 33 2.56 4650 11.5 7660 6.8 1950 0.6 280 0.3 19.4 6.1 12.1 8.2 4.7
5 11 38 2.71 41400 43.3 13800 11.4 1760 0.3 460 0.3 55.4 8 24.1 6.9 4
5 12 25 2.69 63000 35 27000 19.5 1440 0.2 540 0.3 55 8.2 17.3 2 1.2
16 25 28 2.12 9320 18.6 5940 11 2590 1.6 210 <0.1 31.4 6.6 18 20.2 11.7
22 26 27 2.56 11300 19.5 7570 9.8 1330 0.6 220 <0.1 30 7.6 16.1 10.4 6
7 22 39 2.02 13400 32.2 10100 12.5 3920 2.4 570 0.5 47.5 6.2 25.2 12.8 7.4
2 18 35 2.6 12500 29.2 13100 17.4 2410 0.4 810 1.1 48.1 7.2 20 9 5.2
<1 9 38 2.45 10800 34 9170 9.3 5340 2.5 220 0.1 46 7.4 24.4 8.4 4.9
4 7 25 2.63 66900 41.2 11300 15.4 4350 0.5 790 0.8 58 8 16.9 3.8 2.2
26 38 26 2.6 8190 12.7 10400 7.9 510 0.3 380 <0.1 21 6.1 6 2.5 1.4
11 47 30 2.64 9220 11.1 10100 6.8 530 0.3 390 <0.1 18.3 6 10.2 7.5 4.3
30 24 32 1.9 2550 10.4 2600 3.3 1540 0.6 80 <0.1 14.4 4.8 5.9 11.6 6.8
18 21 44 2.57 870 2.9 5480 2.5 1280 0.3 100 <0.1 6 4.6 6.4 2.3 1.3
18 20 46 2.14 1760 5.2 3030 2.3 2150 0.5 50 <0.1 8.2 4.8 20.1 13.2 7.7
7 17 49 2.71 220 0.8 4340 2.1 1390 0.3 70 <0.1 3.4 4.6 9.4 3.8 2.2
15 19 43 1.88 9200 20.6 4440 8.5 1950 1 90 <0.1 30.4 5.7 23.5 23.8 13.8
9 17 47 2.58 880 1.9 7900 2.8 1300 0.3 120 <0.1 5.3 4.7 9.1 4.3 2.5
4 7 62 2.29 780 2.9 1860 1.6 1060 0.2 60 <0.1 4.8 4.4 9.1 7.6 4.4
24 14 44 2.69 360 1 2970 1.4 870 0.1 60 <0.1 2.7 4.5 7.6 3 1.7
5 12 64 2.32 710 2.4 580 1.1 870 0.3 <50 <0.1 3.9 4.2 17.6 9.6 5.6
7 7 38 2.7 180 0.8 790 3 900 0.1 110 0.3 4.4 4.4 12.8 1.4 0.8
9 22 48 2.17 890 2.6 1550 1.4 1420 0.4 60 <0.1 4.7 4.3 9.8 7.6 4.4
2 6 46 2.7 <50 <0.1 2200 2.7 1310 0.2 140 0.2 3.3 4.2 13.6 0.8 <0.5
9 20 49 2 1730 6.4 930 1.8 1130 0.5 <50 <0.1 9 4.7 12 6.5 3.8
4 15 47 2.72 120 0.3 1930 4.4 1140 0.4 160 0.2 5.4 4.6 12.5 0.8 <0.5
25 18 39 1.77 2240 7.6 1720 2.8 1480 0.6 70 <0.1 11.7 4.1 10.4 14.3 8.3
2 21 45 2.57 180 0.6 1020 1.8 1240 0.4 70 <0.1 3 4.1 8.6 2.4 1.4
9 18 60 2.43 1250 4.3 600 1 780 0.2 <50 <0.1 5.6 4.7 12.8 5.1 3
18 20 49 2.65 510 1.8 630 0.8 570 <0.1 <50 <0.1 2.8 5.3 8.1 0.9 0.5
30 20 34 2.36 1180 4.7 1930 1.2 1510 0.4 <50 <0.1 6.4 4.7 6.7 6.9 4
27 17 40 2.64 860 3 3200 1 1220 0.3 <50 <0.1 4.5 4.8 5.4 2.2 1.3
1 21 60 2.52 1000 3 660 1.8 770 0.2 80 <0.1 5.2 5.1 17.5 6.4 3.7
43 11 34 2.6 400 1.2 430 0.9 660 0.1 60 <0.1 2.3 5.3 7.5 1.2 0.7
1 27 54 1.84 1560 4.4 830 3 900 0.4 70 <0.1 8 4.1 12.8 10 5.8
1 13 40 2.65 <50 <0.1 1260 3.3 1200 0.2 560 0.6 4.4 4.6 14.8 0.8 <0.5
26 15 42 2.23 660 2.3 640 1 790 0.4 <50 <0.1 3.8 4.7 7.6 4.4 2.5
16 7 39 2.67 <50 0.1 1240 2.8 1320 0.2 120 0.1 3.4 4.1 15.1 0.9 0.5
14 21 45 2.15 780 1.9 920 1.5 1160 0.4 <50 <0.1 4 4.3 15.5 6.9 4
15 13 50 2.64 50 0.1 1340 1.6 1040 0.2 80 <0.1 2.1 4.4 9.8 1.2 0.7
34 12 41 2.18 520 1.6 850 1 1050 0.4 <50 <0.1 3.1 4.1 7.3 5.9 3.4
44 9 38 2.59 90 0.3 1420 0.9 580 0.2 <50 <0.1 1.5 4.3 5.7 1.4 0.8
33 10 46 2.04 100 0.4 510 0.5 820 0.3 <50 <0.1 1.2 3.9 5.7 4.9 2.8
  Major Cations and Anions Other
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH038 Sla Nillumbik BH038/101214/0.35-0.4 0.35-0.4 Yes
BH039 Sla Nillumbik BH039/101214/0.0-0.05 0-0.05 Yes
BH039 Sla Nillumbik BH039/101214/0.3-0.4 0.3-0.4 Yes
BH040 Sla Nillumbik BH040/111214/0.0-0.1 0-0.1 Yes
BH040 Sla Nillumbik BH040/111214/0.3-0.4 0.3-0.4 Yes
BH041 Sla Nillumbik BH041/111214/0.0-0.1 0-0.1 Yes
BH041 Sla Nillumbik BH041/111214/0.3-0.4 0.3-0.4 Yes
BH042 Sud Nillumbik BH042/111214/0.0-0.1 0-0.1 Yes
BH042 Sud Nillumbik BH042/111214/0.3-0.6 0.3-0.6 Yes
BH043 Sla Nillumbik BH043/111214/0.0-0.1 0-0.1 Yes
BH043 Sla Nillumbik BH043/111214/0.3-0.45 0.3-0.45 Yes
BH044 Sud Nillumbik BH044/111214/0.0-0.1 0-0.1 Yes
BH044 Sud Nillumbik BH044/111214/0.38-0.6 0.38-0.6 Yes
BH045 Sud Nillumbik BH045/121214/0.0-0.05 0-0.05 Yes
BH045 Sud Nillumbik BH045/121214/0.45-0.53 0.45-0.53 Yes
BH046 Sud Nillumbik BH046/121214/0.0-0.1 0-0.1 Yes
BH046 Sud Nillumbik BH046/121214/0.3-0.4 0.3-0.4 Yes
BH047 Sud Nillumbik BH047/121214/0.0-0.1 0-0.1 Yes
BH047 Sud Nillumbik BH047/121214/0.3-0.45 0.3-0.45 Yes
BH048 Sud Nillumbik BH048/121214/0.0-0.1 0-0.1 Yes
BH048 Sud Nillumbik BH048/121214/0.3-0.5 0.3-0.5 Yes
BH049 Sud Nillumbik BH049/121214/0.0-0.1 0-0.1 Yes
BH049 Sud Nillumbik BH049/121214/0.3-0.6 0.3-0.6 Yes
BH050 Sud Nillumbik BH050/121214/0.0-0.1 0-0.1 Yes
BH050 Sud Nillumbik BH050/121214/0.3-0.6 0.3-0.6 Yes
BH051 Sla Manningham BH051/151214/0.0-0.1 0-0.1 Yes
BH051 Sla Manningham BH051/151214/0.3-0.5 0.3-0.5 Yes
BH052 Sla Manningham BH052/151214/0.0-0.1 0-0.1 Yes
BH052 Sla Manningham BH052/151214/0.3-0.55 0.3-0.55 Yes
BH053 Sla Manningham BH053/151214/0.0-0.1 0-0.1 Yes
BH053 Sla Manningham BH053/151214/0.3-0.5 0.3-0.5 Yes
BH054 Sla Manningham BH054/151214/0.0-0.1 0-0.1 Yes
BH054 Sla Manningham BH054/151214/0.3-0.55 0.3-0.55 Yes
BH055 Sla Manningham BH055/151214/0.0-0.1 0-0.1 Yes
BH055 Sla Manningham BH055/151214/0.3-0.55 0.3-0.55 Yes
BH056 Sla Manningham BH056/151214/0.0-0.1 0-0.1 Yes
BH056 Sla Manningham BH056/151214/0.33-0.6 0.33-0.6 Yes
BH057 Sud Manningham BH057/151214/0.0-0.1 0-0.1 Yes
BH057 Sud Manningham BH057/151214/0.3-0.6 0.3-0.6 Yes
BH058 Sud Manningham BH058/171214/0.0-0.1 0-0.1 No
BH058 Sud Manningham BH058/171214/0.3-0.6 0.3-0.6 No
BH059 Sla Knox BH059/171214/0.0-0.1 0-0.1 No
BH059 Sla Knox BH059/171214/0.3-0.6 0.3-0.6 No
BH060 Sla Whitehorse BH060/171214/0.0-0.05 0-0.05 No
BH060 Sla Whitehorse BH060/171214/0.35-0.6 0.35-0.6 No
BH061 Sud Knox BH061/171214/0.0-0.1 0-0.1 Yes
BH061 Sud Knox BH061/171214/0.3-0.6 0.3-0.6 Yes
BH062 Sud Monash BH062/171214/0.0-0.1 0-0.1 Yes
BH062 Sud Monash BH062/171214/0.4-0.6 0.4-0.6 Yes
BH063 Sud Monash BH063/171214/0.0-0.1 0-0.1 Yes
BH063 Sud Monash BH063/171214/0.3-0.6 0.3-0.6 Yes
BH064 Sla Monash BH064/171214/0.0-0.1 0-0.1 Yes
BH064 Sla Monash BH064/171214/0.4-0.6 0.4-0.6 Yes
BH065 Sud Knox BH065/171214/0.0-0.1 0-0.1 No
BH065 Sud Knox BH065/171214/0.32-0.6 0.32-0.6 No
BH066 Sla Whitehorse BH066/181214/0.0-0.1 0-0.1 Yes
BH066 Sla Whitehorse BH066/181214/0.4-0.6 0.4-0.6 Yes
BH067 Tpb Whitehorse BH067/181214/0.0-0.1 0-0.1 Yes
BH067 Tpb Whitehorse BH067/181214/0.4-0.6 0.4-0.6 Yes
BH068 Sud Manningham BH068/181214/0.0-0.1 0-0.1 Yes
BH068 Sud Manningham BH068/181214/0.33-0.6 0.33-0.6 Yes
BH069 Sud Manningham BH069/181214/0.0-0.1 0-0.1 Yes
BH069 Sud Manningham BH069/181214/0.4-0.6 0.4-0.6 Yes
BH070 Sud Manningham BH070/181214/0.0-0.1 0-0.1 Yes
BH070 Sud Manningham BH070/181214/0.35-0.6 0.35-0.6 Yes
BH071 Sud Nillumbik BH071/181214/0.0-0.1 0-0.1 Yes
BH071 Sud Nillumbik BH071/181214/0.3-0.6 0.3-0.6 Yes
BH072 Sla Nillumbik BH072/181214/0.0-0.05 0-0.05 Yes
BH072 Sla Nillumbik BH072/181214/0.25-0.3 0.25-0.3 Yes
BH073 Tpb Kingston BH073/191214/0.02-0.1 0-0.1 Yes
BH073 Tpb Kingston BH073/191214/0.3-0.6 0.3-0.6 Yes
BH074 Tpb Kingston BH074/191214/0.02-0.1 0-0.1 Yes
BH074 Tpb Kingston BH074/191214/0.3-0.6 0.3-0.6 Yes
BH075 Tpb Kingston BH075/191214/0.0-0.1 0-0.1 No
BH075 Tpb Kingston BH075/191214/0.35-0.6 0.35-0.6 No
Gr
av
el
 (>
2m
m
)
Sa
nd
 (0
.0
6-
2.
00
 m
m
)
Si
lt 
(2
-6
0 
µm
)
So
il 
Pa
rt
ic
le
 D
en
sit
y
Ca
lc
iu
m
Ex
ch
an
ge
ab
le
 C
al
ci
um
M
ag
ne
siu
m
Ex
ch
an
ge
ab
le
 M
ag
ne
siu
m
Po
ta
ss
iu
m
Ex
ch
an
ge
ab
le
 P
ot
as
siu
m
So
di
um
Ex
ch
an
ge
ab
le
 S
od
iu
m
CE
C
pH
 (I
ni
tia
l)
M
oi
st
ur
e
O
rg
an
ic
 M
at
te
r
TO
C
% % % g/cm3 mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g meq/100g pH_Units % % %
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  Major Cations and Anions Other
17 20 37 2.58 <50 <0.1 1060 2.4 1110 0.3 100 0.2 3.1 4.1 10.2 1 0.6
7 15 61 1.99 180 0.4 470 0.7 730 0.2 50 <0.1 5.1 3.7 8.2 7.2 4.2
15 12 49 2.61 <50 <0.1 490 1 530 0.1 100 <0.1 1.4 4.2 8.4 1.1 0.6
21 15 48 1.97 4050 11.1 1560 2.9 1150 0.5 <50 <0.1 14.6 5 15.6 11.1 6.4
25 13 47 2.62 540 1.8 4160 1.3 900 0.3 <50 <0.1 3.8 4.7 7 1.4 0.8
26 18 43 2.31 630 1.8 3350 1.3 1040 0.2 <50 <0.1 3.4 4.3 7.5 4.1 2.4
34 14 37 2.61 310 1 4750 1.5 1090 0.2 <50 <0.1 2.8 4.5 6.8 1.2 0.7
6 17 62 2.26 1040 3.1 780 1.3 810 0.2 <50 <0.1 4.8 4.6 9.9 5.4 3.1
7 14 61 2.62 <50 <0.1 740 0.7 560 0.1 <50 <0.1 1.1 4.2 7.1 0.8 <0.5
2 17 59 1.84 260 0.5 650 1.2 1280 0.4 70 <0.1 2.4 3.8 8.2 8.2 4.8
7 20 44 2.65 <50 <0.1 600 1.5 660 0.1 130 0.2 1.9 4.5 6.6 0.5 <0.5
12 14 63 2.28 560 0.8 330 0.6 580 0.2 <50 <0.1 1.6 4.2 4.9 3.7 2.1
2 9 24 2.71 150 0.6 1240 4.6 1160 0.2 270 0.3 11 4.1 17.8 0.8 <0.5
7 12 61 1.7 310 1.2 580 0.5 1060 0.3 <50 <0.1 3.8 3.8 6.7 7 4
9 7 47 2.58 220 0.9 1130 2.6 960 0.3 90 <0.1 8.9 4.1 10.3 1.6 0.9
22 5 55 2.04 930 3 870 1.1 850 0.3 <50 <0.1 4.7 4.4 5.5 6.2 3.6
12 8 61 2.63 390 1.1 1060 0.8 750 0.2 <50 <0.1 2.3 4.5 4.8 0.8 <0.5
3 17 54 1.62 1480 4.8 860 2.2 830 0.2 110 <0.1 7.6 4.9 4.5 4.5 2.6
14 8 55 2.48 640 2.4 1470 2.8 690 0.1 80 <0.1 5.6 5.1 6.2 1.2 0.7
29 4 53 1.85 400 1.3 330 0.6 640 0.2 <50 <0.1 2.2 3.8 8.7 3.7 2.1
2 8 38 2.65 <50 0.2 720 3 830 0.3 110 0.2 10.3 4 16.6 1.1 0.6
16 14 51 1.55 100 0.4 320 0.7 840 0.4 <50 <0.1 3.8 3.7 7.9 6.3 3.6
3 9 30 2.66 <50 <0.1 720 1.5 1260 0.3 80 <0.1 2.1 4 16 1 0.6
9 11 65 1.72 260 0.8 370 0.6 600 0.2 60 <0.1 1.8 3.8 7.8 4.3 2.5
7 8 39 2.53 70 0.2 890 1.7 1140 0.3 100 0.1 3.7 4.1 16 1.6 0.9
<1 9 64 2.07 690 2.4 660 1.8 1000 0.3 90 <0.1 4.8 4 10 8.7 5.1
17 10 29 2.74 <50 <0.1 780 2.6 940 0.1 270 0.5 3.4 4.6 12.3 0.7 <0.5
7 8 62 2.14 650 1.9 460 1.2 960 0.3 60 <0.1 3.6 4.2 7 4.3 2.5
<1 6 49 2.68 150 0.7 620 1.9 810 0.3 90 <0.1 3.2 4.1 12.6 1.4 0.8
8 10 59 1.91 230 0.7 830 0.7 900 0.2 <50 <0.1 1.8 3.8 5.3 3.9 2.2
<1 5 54 2.71 <50 <0.1 5080 3.2 820 0.1 220 0.4 5.1 4.5 10.8 0.8 <0.5
1 15 52 1.71 1780 5.9 2700 6.5 1560 0.6 170 0.2 13.4 4.8 10.1 12.8 7.4
16 15 37 2.71 60 0.1 6010 2.6 1490 0.2 120 0.1 3.3 4.4 9.2 0.7 <0.5
4 15 63 2.34 980 3.3 1790 2.5 1410 0.4 70 <0.1 6.5 4.8 6.6 5.6 3.2
11 10 46 2.69 310 1.2 2130 3.1 1370 0.2 120 0.2 4.9 5 9.3 0.7 <0.5
7 26 51 1.96 1290 4.9 620 1.9 1030 0.6 60 <0.1 7.6 4.6 4.5 9.2 5.4
4 13 32 2.68 70 0.3 1450 5.7 1540 0.6 160 0.3 9 4.3 14.5 0.9 0.5
1 27 53 1.5 3330 10.4 920 3.6 1050 0.7 60 <0.1 14.8 5.1 9.4 10.1 5.8
24 23 31 2.56 360 1.8 630 2 900 0.6 70 <0.1 4.8 4.8 7.6 1.4 0.8
1 17 64 1.83 1350 4.1 480 1.6 480 0.3 70 <0.1 6.1 4.4 5.7 5.5 3.2
2 16 58 2.55 690 3.2 440 1.9 230 <0.1 210 0.2 5.4 4.6 7.8 0.8 <0.5
<1 18 60 2.06 1540 5.8 610 1.9 370 0.2 90 <0.1 7.9 4.8 13.6 4.8 2.8
1 12 53 2.55 720 2.7 550 2.3 300 <0.1 110 <0.1 5.2 4.6 12.4 1.1 0.6
1 16 67 2.03 1820 6.1 430 1.6 750 0.2 70 <0.1 8 4.9 8 7.4 4.3
4 8 31 2.65 510 1.4 1090 4.4 1320 0.1 260 0.4 6.6 4.4 16.5 1.2 0.7
1 21 63 1.88 680 2 390 1.2 540 0.2 100 <0.1 3.5 4.2 8.8 7.5 4.4
5 8 29 2.59 350 1.3 1280 5 1310 0.3 310 0.4 7.1 4.2 19.4 0.8 <0.5
1 16 70 1.69 950 3.2 650 2.8 700 0.5 150 <0.1 6.7 4.1 13.1 11.2 6.5
2 17 47 2.61 140 0.4 1010 3 690 0.3 290 0.2 4.1 4.4 15 1.1 0.6
1 32 55 2.29 330 1 400 1.1 350 0.2 80 <0.1 2.4 4.3 11.5 3.1 1.8
4 16 26 2.6 300 0.9 1800 5.9 1000 0.1 550 0.7 7.8 4.4 21.7 0.7 <0.5
2 20 60 2.02 1340 4.7 670 2.5 680 0.3 120 <0.1 7.6 4.8 13.1 7.5 4.3
5 12 38 2.59 470 1.8 1360 4.4 930 0.1 320 0.4 6.8 4.2 14.2 0.9 0.5
1 19 65 1.97 1550 4.9 580 2.2 780 0.3 90 <0.1 7.6 4.7 9.8 8.1 4.7
<1 9 35 2.57 850 3.8 1180 3.5 1590 1 180 0.1 8.5 4.3 19.1 1.2 0.7
1 46 42 2.18 900 3.4 530 1.6 540 0.2 110 <0.1 5.4 4.3 5 6 3.5
2 21 25 2.62 310 1.1 2450 7.2 1700 0.1 1730 1.1 9.7 4.5 16.7 0.8 <0.5
<1 74 19 1.69 330 2.1 140 0.8 140 0.2 <50 <0.1 3.2 4 3.2 3.4 2
<1 78 16 2.58 <50 0.1 <50 0.1 <50 <0.1 <50 <0.1 0.3 4.2 1.8 0.5 <0.5
1 18 66 2.07 900 3.4 470 2.3 440 0.1 160 <0.1 6 4.4 6.8 7.2 4.2
<1 8 43 2.59 410 1.3 1890 8.2 1340 0.2 910 1.6 11.4 4.6 13.8 1.2 0.7
<1 36 51 2.09 90 0.2 210 0.2 500 0.1 90 <0.1 0.7 3.6 1.2 3.5 2
2 14 25 2.64 180 0.7 2880 11.2 3570 0.3 1870 2.6 14.9 4.9 19.4 0.8 <0.5
1 41 47 1.22 410 1.3 270 0.8 340 <0.1 110 <0.1 2.3 3.6 3.5 6.2 3.6
1 42 48 2.61 60 0.2 160 0.5 250 <0.1 60 <0.1 0.9 4.2 3.2 0.5 <0.5
4 24 48 1.71 1280 5.1 2270 3.8 1620 0.2 210 <0.1 9.5 4.2 7.1 10.5 6.1
23 21 32 2.67 <50 <0.1 4570 3.9 1380 0.1 310 0.3 4.5 4.4 9.3 0.7 <0.5
3 24 54 1.99 890 2.8 3440 2.9 1970 0.3 190 0.1 6.4 4.1 7.9 7.7 4.4
12 17 50 2.46 120 0.4 4620 1.8 1850 0.2 150 <0.1 2.8 4.2 7.2 2.7 1.6
3 83 4 2.21 3090 10.4 910 3 440 0.5 270 0.2 14.2 5.2 10.9 11 6.4
<1 79 13 2.59 190 1 90 0.3 80 <0.1 100 <0.1 1.4 4.4 3.1 0.7 <0.5
1 84 7 2.41 550 2.8 160 0.9 100 <0.1 <50 <0.1 3.8 4.7 2.4 3 1.7
<1 79 14 2.61 <50 0.2 50 0.2 80 <0.1 80 <0.1 0.5 3.8 2.1 0.8 <0.5
4 89 <1 2.16 2920 7.6 620 1.8 110 <0.1 150 <0.1 9.4 5.6 6.4 6.1 3.5
<1 90 3 2.62 1290 4.9 170 0.7 <50 <0.1 180 <0.1 5.6 6.2 3.2 1.2 0.7
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH076 Tpb Kingston BH076/191214/0.0-0.1 0-0.1 Yes
BH076 Tpb Kingston BH076/191214/0.45-0.6 0.45-0.6 Yes
BH077 Tpb Kingston BH077/191214/0.0-0.1 0-0.1 Yes
BH077 Tpb Kingston BH077/191214/0.45-0.6 0.45-0.6 Yes
BH078 Tpb Kingston BH078/191214/0.0-0.1 0-0.1 Yes
BH078 Tpb Kingston BH078/191214/0.3-0.6 0.3-0.6 Yes
BH079 Qvn Whittlesea BH079/221214/0.0-0.1 0-0.1 Yes
BH079 Qvn Whittlesea BH079/221214/0.3-0.6 0.3-0.6 Yes
BH080 Sud Whittlesea BH080/221214/0.0-0.1 0-0.1 Yes
BH080 Sud Whittlesea BH080/221214/0.3-0.6 0.3-0.6 Yes
BH081 Qvn Whittlesea BH081/221214/0.0-0.1 0-0.1 Yes
BH081 Qvn Whittlesea BH081/221214/0.32-0.6 0.32-0.6 Yes
BH082 Qvn Whittlesea BH082/221214/0.0-0.1 0-0.1 Yes
BH082 Qvn Whittlesea BH082/221214/0.3-0.6 0.3-0.6 Yes
BH083 Sud Whittlesea BH083/221214/0.0-0.1 0-0.1 Yes
BH083 Sud Whittlesea BH083/221214/0.3-0.6 0.3-0.6 Yes
BH084 Qvn Whittlesea BH084/221214/0.0-0.1 0-0.1 Yes
BH084 Qvn Whittlesea BH084/221214/0.3-0.6 0.3-0.6 Yes
BH085 Sud Whittlesea BH085/221214/0.0-0.1 0-0.1 Yes
BH085 Sud Whittlesea BH085/221214/0.28-0.6 0.28-0.6 Yes
BH086 Sud Whittlesea BH086/221214/0.0-0.1 0-0.1 Yes
BH086 Sud Whittlesea BH086/221214/0.4-0.5 0.4-0.5 Yes
BH087 Sla Whittlesea BH087/231214/0.0-0.1 0-0.1 Yes
BH087 Sla Whittlesea BH087/231214/0.4-0.6 0.4-0.6 Yes
BH088 Sla Whittlesea BH088/231214/0.0-0.1 0-0.1 Yes
BH088 Sla Whittlesea BH088/231214/0.4-0.54 0.4-0.54 Yes
BH089 Sla Whittlesea BH089/231214/0.0-0.1 0-0.1 Yes
BH089 Sla Whittlesea BH089/231214/0.3-0.6 0.3-0.6 Yes
BH090 Qvn Nillumbik BH090/231214/0.0-0.1 0-0.1 Yes
BH090 Qvn Nillumbik BH090/231214/0.3-0.55 0.3-0.55 Yes
BH091 Qvn Nillumbik BH091/231214/0.0-0.1 0-0.1 Yes
BH091 Qvn Nillumbik BH091/231214/0.4-0.6 0.4-0.6 Yes
BH092 Sla Manningham BH092/050115/0.0-0.05 0-0.05 Yes
BH092 Sla Manningham BH092/050115/0.3-0.35 0.3-0.35 Yes
BH093 Sla Manningham BH093/050115/0.0-0.1 0-0.1 Yes
BH093 Sla Manningham BH093/050115/0.3-0.5 0.3-0.5 Yes
BH094 Sla Manningham BH094/050115/0.0-0.1 0-0.1 Yes
BH094 Sla Manningham BH094/050115/0.3-0.55 0.3-0.55 Yes
BH095 Sla Manningham BH095/050115/0.0-0.1 0-0.1 Yes
BH095 Sla Manningham BH095/050115/0.35-0.6 0.35-0.6 Yes
BH096 Sud Maroondah BH096/050115/0.0-0.05 0-0.05 Yes
BH096 Sud Maroondah BH096/050115/0.4-0.6 0.4-0.6 Yes
BH097 Sla Banyule BH097/060115/0.0-0.1 0-0.1 Yes
BH097 Sla Banyule BH097/060115/0.35-0.6 0.35-0.6 Yes
BH098 Sla Banyule BH098/060115/0.0-0.1 0-0.1 Yes
BH098 Sla Banyule BH098/060115/0.5-0.6 0.5-0.6 Yes
BH099 Sud Banyule BH099/060115/0-0.1 0-0.1 Yes
BH099 Sud Banyule BH099/060115/0.43-0.6 0.43-0.6 Yes
BH100 Sla Banyule BH100/060115/0.0-0.1 0-0.1 Yes
BH100 Sla Banyule BH100/060115/0.35-0.6 0.35-0.6 Yes
BH101 Sla Banyule BH101/060115/0.0-0.1 0-0.1 Yes
BH101 Sla Banyule BH101/060115/0.4-0.6 0.4-0.6 Yes
BH102 Qvn Yarra BH102/060115/0.0-0.1 0-0.1 Yes
BH102 Qvn Yarra BH102/060115/0.3-0.45 0.3-0.45 Yes
BH103 Sud Boroondara BH103/070115/0.0-0.1 0-0.1 Yes
BH103 Sud Boroondara BH103/070115/0.35-0.5 0.35-0.5 Yes
BH104 Sud Boroondara BH104/070115/0.0-0.1 0-0.1 Yes
BH104 Sud Boroondara BH104/070115/0.35-0.6 0.35-0.6 Yes
BH105 Sud Boroondara BH105/070115/0.0-0.1 0-0.1 Yes
BH105 Sud Boroondara BH105/070115/0.3-0.35 0.3-0.35 Yes
BH106 Sud Boroondara BH106/070115/0.0-0.05 0-0.05 Yes
BH106 Sud Boroondara BH106/070115/0.4-0.6 0.4-0.6 Yes
BH107 Sud Boroondara BH107/070115/0.0-0.1 0-0.1 Yes
BH107 Sud Boroondara BH107/070115/0.3-0.4 0.3-0.4 Yes
BH108 Qvn Whittlesea BH108/081115/0-0.1 0-0.1 Yes
BH108 Qvn Whittlesea BH108/081115/0.3-0.6 0.3-0.6 Yes
BH109 Qvn Hume BH109/081115/0-0.1 0-0.1 Yes
BH109 Qvn Hume BH109/081115/0.35-0.6 0.35-0.6 Yes
BH110 Qvn Hume BH110/081115/0-0.1 0-0.1 Yes
BH110 Qvn Hume BH110/081115/0.45-0.6 0.45-0.6 Yes
BH111 Qvn Hume BH111/081115/0-0.05 0-0.05 Yes
BH111 Qvn Hume BH111/081115/0.3-0.35 0.3-0.35 Yes
BH112 Sud Mitchell BH112/090115/0.0-0.05 0-0.05 Yes
BH112 Sud Mitchell BH112/090115/0.5-0.6 0.5-0.6 Yes
BH113 Sud Mitchell BH113/090115/0.0-0.05 0-0.05 Yes
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% % % g/cm3 mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g meq/100g pH_Units % % %
1 1 1 0.01 50 0.1 50 0.1 50 0.1 50 0.1 0.1 0.1 1 0.5 0.5
  Major Cations and Anions Other
<1 91 3 2.49 110 0.8 80 0.3 70 <0.1 <50 <0.1 1.2 3.8 2.7 3.1 1.8
<1 89 5 2.62 <50 0.3 <50 <0.1 <50 <0.1 <50 <0.1 0.4 4 <1 0.6 <0.5
<1 95 <1 2.46 310 1.7 70 0.4 <50 <0.1 <50 <0.1 2.1 4.2 <1 2.2 1.2
<1 96 <1 2.64 100 0.4 <50 <0.1 <50 <0.1 <50 <0.1 0.4 4.1 1.6 <0.5 <0.5
1 93 <1 2.33 240 1.5 120 1 <50 <0.1 60 <0.1 2.6 3.5 5.4 4.3 2.5
<1 94 <1 2.62 <50 <0.1 <50 <0.1 <50 <0.1 <50 <0.1 <0.1 3.2 3.5 1 0.6
<1 19 64 2.4 1510 5.7 1200 4.4 860 0.5 120 <0.1 10.7 4.6 6.6 6.2 3.6
<1 13 45 2.59 1530 6.8 3380 14.9 900 0.4 1150 2.7 24.9 6.4 13.9 0.8 <0.5
<1 50 40 2.26 330 1.3 360 0.9 350 0.1 80 <0.1 2.4 3.9 2.5 4.4 2.5
<1 50 41 2.58 200 1 340 0.7 280 <0.1 100 <0.1 1.8 4.6 3.4 0.6 <0.5
1 13 66 2.34 920 3.7 1030 4 590 0.4 160 <0.1 8.1 4.4 8.8 6 3.5
<1 13 57 2.57 830 3.9 2240 10.3 510 0.2 450 1.1 15.5 5.3 11.3 0.7 <0.5
1 14 49 1.39 5640 17 2860 9.5 960 0.5 220 <0.1 27.2 5 9.5 12.2 7.1
<1 9 33 2.52 4490 15.9 5050 14.3 1010 0.3 460 0.5 31.2 5.2 18.4 4.4 2.6
4 21 45 2.36 1000 2.1 6600 4 2860 0.5 380 <0.1 6.9 4.8 5 3.5 2
10 10 60 2.7 <50 <0.1 7820 3.5 2570 0.1 320 0.3 4 6.1 4.1 <0.5 <0.5
<1 12 47 2.22 1930 7.5 2290 10.5 820 0.4 480 0.6 19 4.4 11.3 6.3 3.6
<1 8 39 2.39 2270 7.5 3090 14 530 0.2 960 1.6 23.5 5.2 18 1.7 1
13 17 48 1.58 1180 2.6 680 1.8 890 0.4 240 <0.1 5.1 4.4 6.3 7.7 4.4
3 2 18 2.65 300 0.9 2030 9.1 2200 0.4 590 0.7 11.4 4.4 21.4 0.9 0.5
1 66 22 2.28 600 2.1 320 0.9 260 0.1 120 <0.1 3.2 4.6 2.8 3.1 1.8
1 30 8 2.63 800 3.8 2010 10.7 1040 0.3 780 1.7 16.6 5.7 15.5 0.7 <0.5
<1 14 59 1.75 1120 3.9 1170 2.5 1190 0.5 220 <0.1 7.2 4.3 7.4 7.9 4.6
<1 9 32 2.66 300 1.1 2130 6.4 1820 0.2 790 1.1 9.1 4.8 16.2 1.1 0.6
1 35 51 1.73 950 3.7 360 1.4 320 0.2 150 <0.1 5.4 4.3 2.7 6.1 3.6
2 24 16 2.64 770 2.8 1250 5.5 870 0.2 510 0.5 9.2 4.9 15.8 1.2 0.7
2 48 35 1.74 690 2.4 290 1 300 0.2 110 <0.1 3.7 4 3.8 5.3 3
1 18 14 2.6 540 1.9 1370 6.2 910 0.2 590 0.6 9.2 4.7 15.8 1.3 0.7
5 10 38 2.01 6220 18.1 5030 9.6 1600 0.8 240 <0.1 28.6 5.2 11.5 7.6 4.4
4 10 28 2.52 8050 25.2 7090 13 1670 0.4 410 0.4 39 5.7 23.2 3.6 2.1
4 27 31 2.14 4860 14.4 6840 9.7 700 0.3 260 <0.1 24.6 5 10.6 7.7 4.5
8 54 1 2.5 790 4.5 930 4 140 <0.1 90 <0.1 8.6 4.8 8.3 0.7 <0.5
7 5 38 2.04 720 2.6 490 1.1 1080 0.5 <50 <0.1 6.4 4 7.1 9.3 5.4
7 6 42 2.55 <50 0.2 490 1.1 790 0.3 60 <0.1 5.6 4.1 7.8 3.1 1.8
4 12 56 2.04 1150 5.7 620 2.4 820 0.5 80 0.1 9.3 4.8 7.8 11.8 6.9
9 8 41 2.66 60 0.3 760 0.8 580 0.2 90 <0.1 4.5 4.1 6.9 1.5 0.9
1 22 59 1.96 570 2.1 390 1.1 560 0.2 <50 <0.1 5.8 3.9 6.5 10.9 6.3
4 14 59 2.61 <50 <0.1 380 1 380 0.1 100 <0.1 2.8 4.3 6.1 1.7 1
2 21 55 1.78 360 2.1 480 1.2 840 0.3 <50 <0.1 6.9 3.9 6.1 10.8 6.3
7 8 40 2.68 <50 <0.1 660 1.3 1090 0.2 110 <0.1 4.3 4.2 12.1 1.5 0.9
1 33 50 1.95 1110 3.1 410 1.1 570 0.1 <50 <0.1 6.7 3.7 8 17.9 10.4
2 16 25 2.63 <50 <0.1 790 3.4 740 0.1 130 0.3 12.9 4.1 16.3 2 1.2
1 21 50 2.08 1240 4.7 1330 2.2 1100 0.3 <50 <0.1 7.7 4.5 7 17.1 9.9
2 8 26 2.66 710 2.6 3820 6.8 2590 0.2 300 0.5 10.4 4.9 17.1 2.5 1.5
<1 19 54 1.83 1810 6.1 830 2.4 1140 0.5 60 <0.1 9.4 4.6 7.5 12.2 7.1
5 17 41 2.64 360 1.2 870 2 1220 0.3 120 <0.1 4 5 8.1 2.5 1.4
2 27 52 1.94 2410 6.6 750 2.6 920 0.4 90 <0.1 9.8 4.9 8.2 14.8 8.6
1 19 44 2.64 560 2 1910 6 2960 1.2 520 0.5 10.1 5.1 18.2 2.2 1.3
1 12 55 2.42 1320 5.4 2770 4.6 1100 0.4 160 0.1 10.9 4.6 11.8 7 4.1
<1 14 58 2.54 740 3.1 1860 4.6 800 <0.1 180 0.7 9 4.5 16.6 5.3 3.1
1 29 48 1.62 1630 6.4 630 3 500 0.3 100 <0.1 10 4.4 8.2 11.5 6.7
<1 18 30 2.57 620 2.5 2890 10.8 2300 0.8 860 1.4 16 4.9 20.8 1.4 0.8
1 52 23 2.11 4100 14 2220 5.6 1130 0.9 170 0.1 20.8 5.1 12.9 12.1 7
4 37 22 2.53 5280 13 10700 11.2 1460 0.8 380 0.3 25.4 6 15 4.4 2.6
6 25 39 2.06 420 2.1 780 2.7 1090 0.4 300 0.1 7.7 4 5.4 9.2 5.3
9 14 40 2.61 <50 <0.1 1190 5.6 1040 0.2 620 0.5 7.7 4.6 10.9 1.7 1
2 34 37 1.78 2650 9.1 1100 5.4 1420 0.7 110 <0.1 15.7 4.7 14.3 16 9.2
4 6 35 2.63 120 0.4 1120 3.9 1780 0.5 410 0.2 5.8 4.6 13.2 1.5 0.9
2 31 33 1.93 1060 4.1 580 1.9 1060 0.3 60 <0.1 7.1 4.3 8.6 9.4 5.4
5 32 32 2.43 670 3 590 2.2 1150 0.4 60 <0.1 6 5 6.5 3.1 1.8
8 36 19 1.91 5960 16.6 3540 7.1 990 0.6 180 <0.1 24.7 5.5 10.4 20.4 11.9
2 24 22 2.61 420 1.2 1360 5.1 1830 0.4 580 0.3 7.3 5.1 13.6 1.6 1
7 28 28 1.9 3790 10.5 1410 6.3 800 0.4 130 <0.1 17.6 5.4 8.5 17.6 10.2
3 12 45 2.68 190 0.8 1200 4.7 900 0.3 380 0.5 6.5 4.8 9.9 1.2 0.7
2 21 54 2.29 1110 4.1 1370 5.4 790 0.4 280 0.5 10.5 4.7 16.1 10.8 6.3
<1 13 49 2.61 1730 6.9 2930 13.5 810 0.3 1340 4.2 24.9 7 15 5.7 3.3
1 20 48 2.23 1730 5.9 2340 8.4 980 0.5 440 1 15.9 5 10.2 12.8 7.4
7 13 42 2.57 2380 10 5250 19.8 980 0.3 1890 5.3 35.4 7 17.7 4.8 2.8
<1 19 59 2.02 730 2.8 1060 4.4 560 0.2 260 0.5 7.9 4.5 9.8 7.4 4.3
<1 10 41 2.66 1860 4.8 4840 11 900 0.1 2600 3.5 19.4 7.3 19.1 1.8 1.1
2 32 42 1.91 3280 9 2360 7.8 1680 0.8 180 <0.1 17.8 5.7 14.6 20.6 11.9
1 35 39 2.42 1640 5.3 2500 7.8 940 0.4 200 0.2 13.8 5.3 10 7.4 4.3
1 29 55 2.13 1520 4.2 780 1.6 980 0.3 100 <0.1 6.4 4.4 7.9 19.2 11.2
1 20 32 2.69 <50 <0.1 1070 2.5 920 0.1 100 0.2 3 4.4 16.6 1.5 0.9
2 30 58 2.22 100 0.3 260 0.4 490 0.1 <50 <0.1 0.9 3.7 3.2 7 4.1
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH113 Sud Mitchell BH113/090115/0.5-0.6 0.5-0.6 Yes
BH114 Sud Mitchell BH114/090115/0.0-0.1 0-0.1 Yes
BH114 Sud Mitchell BH114/090115/0.3-0.4 0.3-0.4 Yes
BH115 Sud Mitchell BH115/090115/0.0-0.1 0-0.1 Yes
BH115 Sud Mitchell BH115/090115/0.3-0.6 0.3-0.6 Yes
BH116 Sud Mitchell BH116/090115/0.0-0.15 0-0.15 Yes
BH116 Sud Mitchell BH116/090115/0.3-0.55 0.3-0.55 Yes
BH117 Qvn Whittlesea BH117/120115/0.0-0.1 0-0.1 Yes
BH117 Qvn Whittlesea BH117/120115/0.3-0.5 0.3-0.5 Yes
BH118 Qvn Hume BH118/120115/0.0-0.1 0-0.1 Yes
BH118 Qvn Hume BH118/120115/0.35-0.6 0.35-0.6 Yes
BH119 Qvn Hume BH119/120115/0.0-0.05 0-0.05 Yes
BH119 Qvn Hume BH119/120115/0.3-0.4 0.3-0.4 Yes
BH120 Qvn Hume BH120/120115/0.0-0.1 0-0.1 Yes
BH120 Qvn Hume BH120/120115/0.3-0.6 0.3-0.6 Yes
BH121 Qvn Melton BH121/120115/0.0-0.1 0-0.1 Yes
BH121 Qvn Melton BH121/120115/0.3-0.4 0.3-0.4 Yes
BH122 Sud Mitchell BH122/140115/0-0.05 0-0.05 Yes
BH122 Sud Mitchell BH122/140115/0.5-0.6 0.5-0.6 Yes
BH123 Sud Mitchell BH123/140115/0-0.1 0-0.1 Yes
BH123 Sud Mitchell BH123/140115/0.5-0.6 0.5-0.6 Yes
BH124 Sud Mitchell BH124/140115/0-0.1 0-0.1 Yes
BH124 Sud Mitchell BH124/140115/0.3-0.35 0.3-0.35 Yes
BH125 Sud Mitchell BH125/140115/0-0.05 0-0.05 Yes
BH125 Sud Mitchell BH125/140115/0.3-0.45 0.3-0.45 Yes
BH126 Sud Mitchell BH126/140115/0-0.05 0-0.05 Yes
BH126 Sud Mitchell BH126/140115/0.35-0.6 0.35-0.6 Yes
BH127 Sud Mitchell BH127/160115/0-0.05 0-0.05 Yes
BH127 Sud Mitchell BH127/160115/0.35-0.6 0.35-0.6 Yes
BH128 Sud Mitchell BH128/160115/0-0.1 0-0.1 Yes
BH128 Sud Mitchell BH128/160115/0.45-0.6 0.45-0.6 Yes
BH129 Sud Mitchell BH129/160115/0-0.05 0-0.05 Yes
BH129 Sud Mitchell BH129/160115/0.5-0.6 0.5-0.6 Yes
BH130 Sud Mitchell BH130/160115/0-0.1 0-0.1 Yes
BH130 Sud Mitchell BH130/160115/0.5-0.6 0.5-0.6 Yes
BH131 Sud Mitchell BH131/160115/0-0.1 0-0.1 Yes
BH131 Sud Mitchell BH131/160115/0.3-0.4 0.3-0.4 Yes
BH132 Sla Nillumbik BH132/190115/0-0.05 0-0.05 Yes
BH132 Sla Nillumbik BH132/190115/0.4-0.6 0.4-0.6 Yes
BH133 Sud Nillumbik BH133/190115/0-0.1 0-0.1 Yes
BH133 Sud Nillumbik BH133/190115/0.5-0.6 0.5-0.6 Yes
BH134 Sud Nillumbik BH134/190115/0-0.05 0-0.05 Yes
BH134 Sud Nillumbik BH134/190115/0.45-0.6 0.45-0.6 Yes
BH135 Sud Nillumbik BH135/190115/0-0.1 0-0.1 Yes
BH135 Sud Nillumbik BH135/190115/0.4-0.55 0.4-0.55 Yes
BH136 Sud Nillumbik BH136/190115/0-0.05 0-0.05 Yes
BH136 Sud Nillumbik BH136/190115/0.5-0.6 0.5-0.6 Yes
BH137 Sud Mitchell BH137/220115/0.0-0.1 0-0.1 Yes
BH137 Sud Mitchell BH137/220115/0.4-0.6 0.4-0.6 Yes
BH138 Sud Mitchell BH138/220115/0.0-0.1 0-0.1 Yes
BH138 Sud Mitchell BH138/220115/0.35-0.5 0.35-0.5 Yes
BH139 Qvn Mitchell BH139/220115/0.0-0.1 0-0.1 Yes
BH139 Qvn Mitchell BH139/220115/0.35-0.6 0.35-0.6 Yes
BH140 Qvn Mitchell BH140/220115/0.0-0.1 0-0.1 Yes
BH140 Qvn Mitchell BH140/220115/0.4-0.6 0.4-0.6 Yes
BH141 Tpb Greater Geelong BH141/060215/0.0-0.1 0-0.1 Yes
BH141 Tpb Greater Geelong BH141/060215/0.3-0.6 0.3-0.6 Yes
BH142 Qvn Greater Geelong BH142/230115/0.0-0.1 0-0.1 Yes
BH142 Qvn Greater Geelong BH142/230115/0.3-0.5 0.3-0.5 Yes
BH143 Tpb Greater Geelong BH143/230115/0.0-0.1 0-0.1 Yes
BH143 Tpb Greater Geelong BH143/230115/0.3-0.6 0.3-0.6 Yes
BH144 Tpb Greater Geelong BH144/230115/0.0-0.1 0-0.1 Yes
BH144 Tpb Greater Geelong BH144/230115/0.4-0.6 0.4-0.6 Yes
BH145 Qvn Greater Geelong BH145/230115/0.0-0.1 0-0.1 Yes
BH145 Qvn Greater Geelong BH145/230115/0.4-0.6 0.4-0.6 Yes
BH146 Qvn Greater Geelong BH146/230115/0.0-0.1 0-0.1 Yes
BH146 Qvn Greater Geelong BH146/230115/0.4-0.6 0.4-0.6 Yes
BH147 Qvn Mitchell BH147/300115/0.0-0.1 0-0.1 Yes
BH147 Qvn Mitchell BH147/300115/0.4-0.6 0.4-0.6 Yes
BH148 Qvn Mitchell BH148/300115/0.0-0.1 0-0.1 Yes
BH148 Qvn Mitchell BH148/300115/0.35-0.6 0.35-0.6 Yes
BH149 Qvn Mitchell BH149/300115/0.0-0.1 0-0.1 Yes
BH149 Qvn Mitchell BH149/300115/0.3-0.6 0.3-0.6 Yes
BH150 Sud Mitchell BH150/300115/0.0-0.1 0-0.1 Yes
BH150 Sud Mitchell BH150/300115/0.3-0.6 0.3-0.6 Yes
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% % % g/cm3 mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g meq/100g pH_Units % % %
1 1 1 0.01 50 0.1 50 0.1 50 0.1 50 0.1 0.1 0.1 1 0.5 0.5
  Major Cations and Anions Other
1 27 29 2.68 <50 <0.1 1060 2 930 <0.1 130 0.1 2.3 4.3 14.8 1 0.6
13 25 48 2.1 60 0.2 310 0.5 590 0.1 <50 <0.1 0.9 3.8 4.2 4.1 2.4
14 14 46 2.63 <50 <0.1 430 0.7 810 0.2 <50 <0.1 1.2 4.3 6.4 1.4 0.8
5 25 50 2.16 340 1 820 1.2 1120 0.3 60 <0.1 2.7 4 5.1 3.7 2.2
8 18 46 2.62 <50 <0.1 860 1.7 1160 0.2 60 <0.1 2.2 4.3 7 1.4 0.8
1 23 56 2.09 1320 4.7 1020 3 970 0.4 90 <0.1 8.2 4.4 9.8 15.6 9.1
1 23 57 2.58 100 0.5 340 0.9 580 0.2 60 <0.1 1.7 4.4 4.4 2.1 1.2
<1 18 47 2.21 2480 9.1 2700 10.9 1590 0.9 80 <0.1 21 4.9 15.2 33.7 19.5
2 20 36 2.66 3310 11.2 7010 17.6 1320 0.4 300 0.5 29.7 5.5 17.9 8.2 4.8
<1 14 57 1.76 500 1.9 750 2.8 510 0.3 130 0.1 5.1 4 12.2 13.1 7.6
2 13 22 2.79 1100 4.8 2240 12.1 840 0.2 1140 2.2 19.4 4.3 21 3.2 1.9
1 20 55 2.26 6940 16.7 4860 8.6 3240 1.9 380 0.4 27.7 6.8 23.1 31.6 18.3
6 15 41 2.49 1770 18.7 4800 9.6 2390 0.4 1960 0.6 29.4 5.8 12.7 8.1 4.7
1 34 43 2.43 9060 3.9 8450 4.7 1850 0.5 490 0.5 9.6 4.8 15.8 9.1 5.3
<1 33 20 2.69 1040 4.6 1360 10.8 1130 0.3 270 4 19.8 8.2 17.9 2.5 1.4
1 26 45 2.44 4060 4.7 6310 8.2 2930 1 2640 1.8 15.8 5.2 21.2 5.6 3.2
1 16 37 2.62 1380 7.7 2620 17 2110 1.5 680 4.6 30.9 7 19.8 1 0.6
3 15 53 2.06 400 2.1 1680 1.7 1710 0.5 130 <0.1 4.6 4.2 15.1 10.1 5.8
1 6 42 2.64 <50 0.1 2690 5 1830 0.3 240 0.4 6.1 5.4 15.7 1.3 0.8
<1 30 56 1.88 190 0.7 580 1.6 590 0.2 <50 <0.1 2.6 3.9 6.2 3.7 2.1
<1 27 54 2.57 80 0.3 490 1.8 500 <0.1 130 <0.1 2.4 4.6 4.9 0.5 <0.5
<1 16 54 1.9 1020 3.2 750 2 1120 0.2 70 <0.1 5.7 4.2 9.2 13.3 7.7
<1 19 50 2.46 190 0.6 610 1.3 1170 0.2 60 <0.1 2.4 4.3 8.4 2.9 1.7
5 27 37 2.31 390 1.5 960 4 1070 0.4 740 0.2 6.3 5 9.5 4.6 2.6
3 7 50 2.58 80 0.3 1090 4.4 720 <0.1 1690 1.2 6.2 7.2 8.5 1.2 0.7
6 21 50 1.88 710 1.5 610 1.5 1190 0.5 90 <0.1 3.7 4 12.6 12.3 7.1
<1 5 26 2.62 <50 <0.1 1690 6.9 1530 0.3 840 0.6 8.1 4.7 16.4 1.6 0.9
2 55 30 1.89 170 0.6 270 0.6 680 0.3 <50 <0.1 1.7 3.7 6 1.6 1
4 14 13 2.71 <50 <0.1 950 4.5 1430 0.4 160 0.3 5.6 4.1 13.7 0.8 <0.5
28 31 26 2 3500 9.3 1210 4.3 880 0.7 60 <0.1 14.5 4.8 15.9 10.2 5.9
4 41 12 2.65 <50 0.3 330 1.4 330 <0.1 <50 <0.1 2 4 12.8 0.7 <0.5
19 32 32 1.82 1500 4.5 890 3.7 1130 0.5 90 <0.1 9.2 4.1 5.5 22.6 13.1
4 13 32 2.74 <50 <0.1 1530 7 890 0.1 1020 1.1 8.5 6.3 11.1 14.3 8.3
40 18 30 1.79 180 0.8 940 0.7 830 0.3 <50 <0.1 2 3.9 7.2 3.8 2.2
12 17 32 2.7 <50 <0.1 3560 4 850 0.2 120 0.1 4.5 4.3 10.5 1.4 0.8
12 15 54 2.32 1500 5 1690 1.3 1290 0.2 <50 <0.1 6.7 4.6 4.9 6.9 4
8 16 54 2.66 630 2.3 1920 1.2 1190 0.1 <50 <0.1 3.9 5 4.1 0.8 <0.5
18 18 44 2.18 460 1.6 320 1.2 700 0.3 <50 <0.1 3.3 3.9 5.4 8.3 4.8
7 12 21 2.7 <50 <0.1 850 2.4 1230 0.2 100 0.1 3.2 4 16.3 0.7 <0.5
31 14 41 2.3 60 0.2 440 0.5 720 0.2 <50 <0.1 1.1 4 3 1 0.6
16 11 29 2.72 <50 <0.1 1310 5.3 1280 0.2 190 0.5 6.2 4.2 15.3 0.8 <0.5
3 28 54 2.11 190 0.8 240 0.9 570 0.2 <50 <0.1 2 3.8 5.6 9.9 5.8
1 22 31 2.66 <50 <0.1 750 2.2 1110 0.2 100 0.2 3.5 3.9 17.8 <0.5 <0.5
22 18 46 2.22 <50 <0.1 160 0.4 680 0.2 <50 <0.1 0.9 3.8 2.9 2 1.1
28 16 30 2.65 <50 <0.1 500 0.8 660 0.1 <50 <0.1 1.2 4.3 8 0.7 <0.5
5 27 51 2.18 310 0.8 300 0.5 670 0.2 <50 <0.1 1.8 3.7 6.2 6.4 3.7
1 13 25 2.67 <50 <0.1 1470 3.7 1530 0.2 150 0.2 5.3 4 17 1.4 0.8
8 21 56 2.19 170 0.5 210 0.5 750 0.2 <50 <0.1 1.5 3.6 2.6 27 15.6
6 13 44 2.62 <50 <0.1 540 1.1 760 0.1 80 0.1 2.4 4 11.9 1.5 0.9
7 53 26 1.98 670 3.1 620 2.5 720 0.3 80 <0.1 6 4.8 4.3 31.8 18.4
3 21 19 2.49 80 0.3 1730 8.2 1230 0.3 650 0.9 9.8 6.1 9.9 2.5 1.4
1 26 46 1.89 1070 4.1 790 3.9 470 0.2 120 0.1 8.4 4 2.3 28.8 16.7
<1 13 51 2.57 1280 6 1540 10.3 210 <0.1 830 2.5 18.9 6.3 6.4 2.8 1.6
7 17 50 2.33 1760 6 2840 4.1 770 0.2 60 <0.1 10.5 4.9 8.5 71.1 41.2
7 8 28 2.63 1950 8.6 5000 17 1080 0.2 260 0.8 26.6 5.2 14.4 2.9 1.7
1 89 6 2.54 750 4.5 260 0.8 300 0.1 70 <0.1 5.5 5.5 1.2 0.7 <0.5
<1 92 3 2.64 150 0.7 90 0.1 190 <0.1 <50 <0.1 0.9 5.1 <1 <0.5 <0.5
4 60 22 2.4 3950 12.4 970 1.2 1450 1.3 100 <0.1 15 7 5.8 5.8 3.4
10 39 17 2.67 4800 17.1 5300 14.3 1710 0.5 700 1.9 33.9 7.6 13.7 <0.5 <0.5
2 47 38 2.44 2430 7.6 350 0.6 590 0.2 70 <0.1 8.5 6.5 11.1 17.5 10.1
2 24 13 2.63 1010 4.4 2000 9.5 1550 0.3 700 2.4 16.7 6 10.4 1.1 0.6
12 63 16 2.41 1220 3 240 0.6 380 0.2 50 <0.1 3.8 5.2 5.6 <0.5 <0.5
1 21 10 2.65 520 2.4 1420 7.7 1140 0.4 700 2.1 12.8 6.4 9 1.3 0.8
1 51 31 2.35 1440 4.6 630 1.4 870 0.6 160 0.1 6.8 5.4 4.2 5.1 2.9
<1 32 25 2.61 960 2.9 3150 6.9 1340 0.3 2010 4.4 14.5 7.8 8.4 8.3 4.8
4 38 39 2.42 1130 3.6 990 3.1 930 0.4 180 0.4 7.6 5.1 6.8 14.9 8.7
1 27 19 2.71 1180 5 4680 13.4 1820 0.7 2530 5.7 24.8 8.2 11.4 5.4 3.1
1 27 47 1.75 1410 5.6 710 2.4 980 0.9 140 <0.1 9 4.1 10.6 10.2 5.9
1 19 22 2.73 2930 12.4 4720 20.7 460 0.2 960 2.9 36.3 7.2 24.2 1.6 1
6 45 35 2.44 840 3.4 370 1.4 320 0.2 60 <0.1 5.2 4.5 2.7 8.8 5.1
9 29 23 2.68 830 3.9 2120 13.1 400 0.2 860 1.7 18.9 6.3 18 0.7 <0.5
3 23 44 2.23 2370 10 4040 4.2 2510 2.6 100 <0.1 17 4.8 8.4 8.1 4.7
6 45 26 2.77 3380 14.4 8880 8.6 990 1.3 220 0.2 24.6 5.7 21.4 1 0.6
1 17 49 2.3 2270 8.8 2940 8 1020 0.5 90 <0.1 17.5 5.5 11.2 8.5 4.9
<1 25 47 2.54 2140 8.5 2180 6.1 970 0.2 100 0.1 15.1 6.2 10.1 2.2 1.3
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH151 Tpb Greater Geelong BH151/020215/0.0-0.1 0-0.1 Yes
BH151 Tpb Greater Geelong BH151/020215/0.4-0.6 0.4-0.6 Yes
BH152 Tpb Greater Geelong BH152/020215/0.0-0.1 0-0.1 Yes
BH152 Tpb Greater Geelong BH152/020215/0.4-0.6 0.4-0.6 Yes
BH153 Tpb Greater Geelong BH153/020215/0.0-0.1 0-0.1 Yes
BH153 Tpb Greater Geelong BH153/020215/0.35-0.6 0.35-0.6 Yes
BH154 Tpb Greater Geelong BH154/020215/0.0-0.1 0-0.1 Yes
BH154 Tpb Greater Geelong BH154/020215/0.45-0.6 0.45-0.6 Yes
BH155 Tpb Greater Geelong BH155/020215/0.0-0.1 0-0.1 Yes
BH155 Tpb Greater Geelong BH155/020215/0.4-0.6 0.4-0.6 Yes
BH156 Tpb Greater Geelong BH156/030215/0.0-0.1 0-0.1 Yes
BH156 Tpb Greater Geelong BH156/030215/0.4-0.6 0.4-0.6 Yes
BH157 Tpb Greater Geelong BH157/030215/0.0-0.1 0-0.1 Yes
BH157 Tpb Greater Geelong BH157/030215/0.3-0.6 0.3-0.6 Yes
BH158 Tpb Greater Geelong BH158/030215/0.0-0.1 0-0.1 Yes
BH158 Tpb Greater Geelong BH158/030215/0.4-0.6 0.4-0.6 Yes
BH159 Tpb Greater Geelong BH159/030215/0.0-0.1 0-0.1 Yes
BH159 Tpb Greater Geelong BH159/030215/0.3-0.6 0.3-0.6 Yes
BH160 Tpb Greater Dandenong BH160/280815/0.0-0.1 0-0.1 Yes
BH160 Tpb Greater Dandenong BH160/280815/0.3-0.6 0.3-0.6 Yes
BH161 Qvn Greater Geelong BH161/040215/0.0-0.1 0-0.1 Yes
BH161 Qvn Greater Geelong BH161/040215/0.55-0.6 0.55-0.6 Yes
BH162 Qvn Greater Geelong BH162/040215/0.0-0.1 0-0.1 Yes
BH162 Qvn Greater Geelong BH162/040215/0.3-0.6 0.3-0.6 Yes
BH163 Qvn Greater Geelong BH163/040215/0.0-0.1 0-0.1 Yes
BH163 Qvn Greater Geelong BH163/040215/0.4-0.6 0.4-0.6 Yes
BH164 Qvn Greater Geelong BH164/040215/0.0-0.1 0-0.1 Yes
BH164 Qvn Greater Geelong BH164/040215/0.3-0.6 0.3-0.6 Yes
BH165 Qvn Greater Geelong BH165/040215/0.0-0.1 0-0.1 Yes
BH165 Qvn Greater Geelong BH165/040215/0.5-0.6 0.5-0.6 Yes
BH166 Qvn Mitchell BH166/040215/0-0.1 0-0.1 Yes
BH166 Qvn Mitchell BH166/040215/0.35-0.6 0.35-0.6 Yes
BH167 Qvn Mitchell BH167/050215/0-0.1 0-0.1 Yes
BH167 Qvn Mitchell BH167/050215/0.4-0.6 0.4-0.6 Yes
BH168 Qvn Mitchell BH168/050215/0-0.1 0-0.1 Yes
BH168 Qvn Mitchell BH168/050215/0.35-0.6 0.35-0.6 Yes
BH169 Tpb Greater Geelong BH169/060215/0.0-0.1 0-0.1 Yes
BH169 Tpb Greater Geelong BH169/060215/0.4-0.6 0.4-0.6 Yes
BH170 Tpb Greater Geelong BH170/060215/0.0-0.1 0-0.1 Yes
BH170 Tpb Greater Geelong BH170/060215/0.35-0.6 0.35-0.6 Yes
BH171 Tpb Greater Geelong BH171/060215/0.0-0.1 0-0.1 Yes
BH171 Tpb Greater Geelong BH171/060215/0.4-0.6 0.4-0.6 Yes
BH172 Qvn Greater Geelong BH172/060215/0.0-0.1 0-0.1 Yes
BH172 Qvn Greater Geelong BH172/060215/0.45-0.55 0.45-0.55 Yes
BH173 Qvn Greater Geelong BH173/090215/0.0-0.1 0-0.1 Yes
BH173 Qvn Greater Geelong BH173/090215/0.45-0.6 0.45-0.6 Yes
BH174 Qvn Greater Geelong BH174/090215/0.0-0.1 0-0.1 Yes
BH174 Qvn Greater Geelong BH174/090215/0.35-0.6 0.35-0.6 Yes
BH175 Qvn Greater Geelong BH175/090215/0.0-0.1 0-0.1 Yes
BH175 Qvn Greater Geelong BH175/090215/0.55-0.6 0.55-0.6 Yes
BH176 Qvn Greater Geelong BH176/090215/0.0-0.1 0-0.1 Yes
BH176 Qvn Greater Geelong BH176/090215/0.5-0.6 0.5-0.6 Yes
BH177 Qvn Greater Geelong BH177/090215/0.0-0.1 0-0.1 Yes
BH177 Qvn Greater Geelong BH177/090215/0.45-0.6 0.45-0.6 Yes
BH178 Tpb Greater Geelong BH178/100215/0.0-0.1 0-0.1 Yes
BH178 Tpb Greater Geelong BH178/100215/0.4-0.6 0.4-0.6 Yes
BH179 Tpb Greater Geelong BH179/100215/0.0-0.1 0-0.1 Yes
BH179 Tpb Greater Geelong BH179/100215/0.4-0.6 0.4-0.6 Yes
BH180 Tpb Greater Geelong BH180/100215/0.0-0.1 0-0.1 Yes
BH180 Tpb Greater Geelong BH180/100215/0.45-0.6 0.45-0.6 Yes
BH181 Qvn Greater Geelong BH181/100215/0.0-0.1 0-0.1 Yes
BH181 Qvn Greater Geelong BH181/100215/0.35-0.6 0.35-0.6 Yes
BH182 Qvn Greater Geelong BH182/100215/0.0-0.1 0-0.1 Yes
BH182 Qvn Greater Geelong BH182/100215/0.3-0.55 0.3-0.55 Yes
BH183 Qvn Greater Geelong BH183/100215/0.0-0.1 0-0.1 Yes
BH183 Qvn Greater Geelong BH183/100215/0.35-0.60 0.35-0.6 Yes
BH184 Qvn Greater Geelong BH184/120215/0.0-0.1 0-0.1 Yes
BH184 Qvn Greater Geelong BH184/120215/0.35-0.6 0.35-0.6 Yes
BH185 Qvn Greater Geelong BH185/120215/0.0-0.1 0-0.1 Yes
BH185 Qvn Greater Geelong BH185/120215/0.3-0.6 0.3-0.6 Yes
BH186 Qvn Greater Geelong BH186/120215/0.0-0.1 0-0.1 Yes
BH186 Qvn Greater Geelong BH186/120215/0.4-0.5 0.4-0.5 Yes
BH187 Qvn Greater Geelong BH187/120215/0.0-0.1 0-0.1 Yes
BH187 Qvn Greater Geelong BH187/120215/0.5-0.6 0.5-0.6 Yes
BH188 Qvn Greater Geelong BH188/120215/0.0-0.1 0-0.1 Yes
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% % % g/cm3 mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g meq/100g pH_Units % % %
1 1 1 0.01 50 0.1 50 0.1 50 0.1 50 0.1 0.1 0.1 1 0.5 0.5
  Major Cations and Anions Other
10 56 20 2.18 2220 5.4 970 3.7 750 0.7 680 0.7 10.6 5.3 17 8.4 4.8
3 29 14 2.65 680 2.5 990 4.2 1260 1 1100 1.3 9.2 5.4 20.6 1.6 0.9
3 74 9 2.22 3690 9.4 1550 6.3 820 0.5 2900 1.3 17.6 6.2 31.1 15.6 9.1
1 71 14 2.57 1680 6 770 4 470 0.2 1770 0.9 11.2 6.6 19.3 4.3 2.5
5 57 17 2.01 1440 7 630 3.9 460 0.3 200 0.2 11.5 4.1 5.8 18.1 10.5
1 13 16 2.66 1070 5 1680 8.8 1400 0.9 890 1.4 16.2 6.2 23.9 1.6 0.9
3 67 16 2.36 1230 4.1 420 1.6 720 0.6 210 0.2 6.6 4.8 3.2 9.7 5.6
<1 36 7 2.61 920 3.3 1250 6 900 0.6 450 0.5 10.5 6.7 16.7 1.4 0.8
<1 95 <1 2.68 99000 27.5 5340 2.2 790 0.5 630 0.1 30.4 7.6 5.6 42.9 24.9
2 73 10 2.43 164000 24.1 8150 1.2 300 <0.1 1040 <0.1 25.6 8.2 5.8 0.6 <0.5
<1 19 39 2.09 6890 20.4 3940 9.8 4110 2.1 1070 1.2 33.6 5.6 18.3 14.5 8.4
1 82 10 2.7 6250 55.2 3540 0.8 3720 <0.1 950 0.2 56.4 8.2 18.6 <0.5 <0.5
5 82 6 2.49 730 2.7 210 1.1 190 0.1 80 <0.1 4 4.5 1.6 2.5 1.4
2 66 19 2.49 920 2.8 350 0.9 440 0.2 270 <0.1 4 4.7 3.9 2.6 1.5
4 65 19 2.22 1380 4.4 440 1.6 400 0.2 130 <0.1 6.3 4.7 4.8 4.8 2.8
1 11 13 2.68 990 4 2020 8.9 2080 1.2 1330 2.5 16.8 6.3 21.1 1.2 0.7
4 60 16 2.3 3070 9.6 1160 2.1 1390 0.3 180 <0.1 12.2 5.7 5.9 5.4 3.1
1 31 9 2.69 5220 13.7 4780 12.3 5840 1.2 1420 2.2 29.5 7.9 18.5 1.2 0.7
1 54 30 2.4 840 3 440 2.1 390 0.4 140 0.4 5.8 4.7 20.4 7.1 4.1
1 27 15 2.66 680 3 1660 8.6 700 0.3 580 1.8 13.9 4.1 18.1 0.8 <0.5
4 59 18 2.43 870 3.4 1260 3.2 1580 0.6 340 0.6 7.9 5 7.3 2.5 1.5
1 25 29 2.72 46600 28.7 10800 14.4 7000 1.2 5200 7 51.4 8.3 23.6 <0.5 <0.5
6 33 28 2.35 3200 11.5 3620 9.5 3220 1.4 420 0.4 22.9 5.6 7.3 1.6 0.9
4 32 19 2.68 182000 34 10500 13.7 3260 0.4 2030 1.7 49.8 8.3 15.8 0.5 <0.5
3 47 30 2.34 1820 7.4 1480 3.1 1490 0.3 180 <0.1 11 4.8 4.2 5.1 3
<1 26 26 2.65 2950 11 5970 15.7 3030 0.4 2120 4.4 31.6 7.5 16 0.7 <0.5
2 40 36 2.49 3240 11 1800 5.6 1440 0.5 170 0.2 17.3 6.2 4.6 4.9 2.8
<1 34 25 2.61 1620 5 4870 10.6 2520 0.4 1660 2.9 19 7.5 10.8 <0.5 <0.5
3 24 39 2.49 1430 4.6 2000 5.1 3380 1.3 510 1.2 12.4 5.2 5.4 2.2 1.3
8 30 20 2.71 166000 29.4 12500 12 5480 1.3 2930 3.2 45.9 8.4 16.4 <0.5 <0.5
2 10 21 2.59 13000 38.5 9040 16 9100 2.1 910 1 57.8 7.8 18 4.1 2.4
1 10 26 2.65 12400 21.6 7310 16 8400 1.6 2600 4.5 43.8 7.4 21.4 5.8 3.4
2 10 57 2.41 2690 9.4 1720 5.2 620 0.4 160 0.1 15.2 5 8.2 10.7 6.2
5 19 37 2.81 1510 7.1 3080 16.8 470 0.2 480 1 25.2 5.8 18 3.3 1.9
3 17 60 2.17 3250 11.2 1070 3.9 780 0.7 90 <0.1 15.9 5.2 7.4 11.8 6.8
<1 28 60 2.52 1360 5 1950 7.6 630 0.1 180 0.2 13 5.7 17.7 2.2 1.3
1 85 8 2.33 510 1.7 200 0.6 300 0.2 <50 <0.1 2.5 4.4 1.6 1.9 1.1
1 88 5 2.61 140 0.6 80 0.2 150 <0.1 <50 <0.1 0.8 4.7 1.6 <0.5 <0.5
2 59 25 2.38 1540 4.7 840 2.1 1430 0.9 90 <0.1 7.9 5.1 4.1 5.5 3.2
<1 32 12 2.66 2380 8 4430 11.1 5610 1.2 970 1.7 22.1 6.7 17.4 0.8 <0.5
4 78 11 2.39 800 2.3 420 1.3 390 0.2 <50 <0.1 3.8 4.4 3.4 7 4.1
<1 86 8 2.61 120 0.3 210 0.6 290 <0.1 <50 <0.1 1.1 4.2 2.8 0.5 <0.5
1 18 39 2.26 2090 7.2 2260 8.6 2530 1 580 1.8 18.7 5 8.6 9.9 5.7
6 13 25 2.65 3010 11.1 5610 10.7 3530 0.6 3050 4.3 26.8 7.7 14 1.2 0.7
<1 28 33 2.18 1060 3.7 1780 5 2150 0.9 460 0.7 10.7 4.4 5.7 5.9 3.4
<1 16 26 2.67 2020 5.6 6260 9.6 4400 0.7 3200 4.5 20.6 8.1 19 2.4 1.4
<1 31 28 2.25 2400 9 3220 8.7 2600 1 540 0.8 19.6 4.9 6.2 7.3 4.2
<1 19 21 2.62 2960 8 7490 17.7 3240 0.6 2700 4.9 31.3 8 19.4 4.8 2.8
6 27 26 2.44 5150 17.2 3970 7.7 2690 1.4 400 0.3 26.7 6.5 7.7 7.8 4.5
6 20 23 2.64 139000 29.8 14900 16.4 2100 0.3 3440 3.7 50.3 8.5 16.7 1 0.6
1 41 31 2.32 3340 10.7 1840 3.3 1500 0.9 230 0.2 15.1 6.3 5.2 6.3 3.7
1 22 23 2.66 10700 22.4 6680 15.1 2670 0.7 2580 4.6 43 8.5 14.6 2.1 1.2
1 54 21 2.33 4460 13.5 1860 2.6 1910 1.3 140 <0.1 17.5 5.8 6.8 8.5 4.9
<1 34 15 2.64 3380 12.2 5350 13.6 2300 1.2 1730 3.1 30.2 8.1 14.6 3.3 1.9
<1 25 43 2.27 2040 7.1 1010 3.5 1060 0.8 280 0.4 11.8 5.1 6.3 9.7 5.6
<1 13 29 2.64 1500 3.6 2990 7.3 980 0.2 2250 3.9 15.1 7.5 18.1 2.1 1.2
10 51 20 2.53 1130 2.7 460 1.3 450 0.3 120 <0.1 4.4 5 2.7 3 1.7
10 23 10 2.72 610 2.6 1480 6.2 790 0.1 690 0.7 9.8 6.1 21.8 1.4 0.8
11 19 38 2.07 3390 11.8 1220 4.4 1140 0.7 180 0.2 17.4 5.2 8.1 12.9 7.5
2 8 25 2.64 1770 6.8 3160 12.3 890 0.2 1640 3.5 22.9 7.6 19.1 0.8 <0.5
<1 15 26 2.53 2480 9.3 3350 15.8 1530 1 1110 3.2 29.5 5.1 9.6 2.8 1.6
<1 16 20 2.68 2640 9.4 5000 19.3 1400 0.7 4170 8.6 38 6.5 26.1 7.2 4.2
1 23 40 2.04 3420 11.3 2970 6.1 1470 1 300 0.2 18.8 4.9 5.8 11.5 6.7
12 16 21 2.58 4530 21.6 7180 21.4 2390 0.9 900 2.6 46.6 6.5 27.8 4.8 2.8
1 20 49 1.97 3950 11.3 3950 5.8 2700 2.2 430 0.2 19.7 4.8 23 12.8 7.4
<1 17 28 2.73 2440 5.8 6410 13.5 560 0.1 1570 2.8 22.3 6.9 29.9 1 0.6
1 36 29 2.26 1030 3.8 2040 5.1 2530 1.1 470 0.9 11 4.8 7 9.7 5.6
1 17 23 2.66 2340 4.6 9920 9 4440 0.5 5320 5.9 20 8.3 26.3 0.6 <0.5
12 47 31 2.01 3560 6.9 3260 3.3 3140 2.9 460 0.2 13.5 5.6 6.8 13.9 8
22 23 32 2.43 3500 6.7 3940 5.3 1740 1.6 680 0.3 14.1 6 10.3 8 4.6
3 31 36 2.21 1760 5.4 3780 3.3 2120 1.3 280 <0.1 10.2 4.8 8.2 6.4 3.7
6 22 28 2.61 2250 6.4 4780 13.3 1980 0.5 1110 1.7 22.1 6.8 15.6 3.2 1.8
4 30 33 2.17 1480 5.8 2240 5.6 2240 2 400 0.6 14.2 4.7 8.6 8.9 5.2
5 36 16 2.73 82000 30 15500 26.2 3320 1.1 2900 5.8 63.3 8.1 33.4 3.2 1.8
3 28 33 2.27 2160 7.4 1870 4.2 2810 1.4 460 0.8 13.9 5.8 7.3 8.8 5.1
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH188 Qvn Greater Geelong BH188/120215/0.4-0.6 0.4-0.6 Yes
BH189 Qvn Greater Geelong BH189/120215/0.0-0.1 0-0.1 Yes
BH189 Qvn Greater Geelong BH189/120215/0.3-0.6 0.3-0.6 Yes
BH190 Tpb Greater Geelong BH190/120215/0.0-0.1 0-0.1 Yes
BH190 Tpb Greater Geelong BH190/120215/0.5-0.6 0.5-0.6 Yes
BH191 Tpb Greater Geelong BH191/160215/0.0-0.1 0-0.1 Yes
BH191 Tpb Greater Geelong BH191/160215/0.3-0.5 0.3-0.5 Yes
BH192 Tpb Greater Geelong BH192/160215/0.0-0.1 0-0.1 Yes
BH192 Tpb Greater Geelong BH192/160215/0.3-0.6 0.3-0.6 Yes
BH193 Tpb Greater Geelong BH193/160215/0.0-0.1 0-0.1 Yes
BH193 Tpb Greater Geelong BH193/160215/0.4-0.6 0.4-0.6 Yes
BH194 Tpb Greater Geelong BH194/160215/0.0-0.1 0-0.1 Yes
BH194 Tpb Greater Geelong BH194/160215/0.3-0.6 0.3-0.6 Yes
BH195 Qvn Greater Geelong BH195/160215/0.0-0.1 0-0.1 Yes
BH195 Qvn Greater Geelong BH195/160215/0.3-0.4 0.3-0.4 Yes
BH196 Qvn Greater Geelong BH196/160215/0.0-0.1 0-0.1 Yes
BH196 Qvn Greater Geelong BH196/160215/0.3-0.5 0.3-0.5 Yes
BH197 Tpb Greater Geelong BH197/160215/0.0-0.1 0-0.1 Yes
BH197 Tpb Greater Geelong BH197/160215/0.45-0.6 0.45-0.6 Yes
BH198 Tpb Greater Geelong BH198/160215/0.0-0.1 0-0.1 Yes
BH198 Tpb Greater Geelong BH198/160215/0.35-0.6 0.35-0.6 Yes
BH199 Qvn Greater Geelong BH199/160215/0.0-0.1 0-0.1 Yes
BH199 Qvn Greater Geelong BH199/160215/0.35-0.6 0.35-0.6 Yes
BH200 Qvn Greater Geelong BH200/170215/0.0-0.1 0-0.1 Yes
BH200 Qvn Greater Geelong BH200/170215/0.5-0.6 0.5-0.6 Yes
BH201 Tpb Greater Geelong BH201/170215/0.0-0.1 0-0.1 Yes
BH201 Tpb Greater Geelong BH201/170215/0.3-0.6 0.3-0.6 Yes
BH202 Qvn Mitchell BH202/230215/0.0-0.1 0-0.1 Yes
BH202 Qvn Mitchell BH202/230215/0.3-0.35 0.3-0.35 Yes
BH203 Tpb Greater Geelong BH203/170215/0.0-0.1 0-0.1 Yes
BH203 Tpb Greater Geelong BH203/170215/0.5-0.6 0.5-0.6 Yes
BH204 Tpb Greater Geelong BH204/170215/0.0-0.1 0-0.1 Yes
BH204 Tpb Greater Geelong BH204/170215/0.5-0.6 0.5-0.6 Yes
BH205 Tpb Greater Geelong BH205/170215/0.0-0.1 0-0.1 Yes
BH205 Tpb Greater Geelong BH205/170215/0.5-0.6 0.5-0.6 Yes
BH206 Tpb Greater Geelong BH206/170215/0.0-0.1 0-0.1 Yes
BH206 Tpb Greater Geelong BH206/170215/0.5-0.6 0.5-0.6 Yes
BH207 Tpb Greater Geelong BH207/170215/0.0-0.1 0-0.1 Yes
BH207 Tpb Greater Geelong BH207/170215/0.4-0.6 0.4-0.6 Yes
BH208 Tpb Greater Geelong BH208/170215/0.0-0.1 0-0.1 Yes
BH208 Tpb Greater Geelong BH208/170215/0.3-0.6 0.3-0.6 Yes
BH209 Tpb Greater Geelong BH209/170215/0.0-0.1 0-0.1 Yes
BH209 Tpb Greater Geelong BH209/170215/0.4-0.6 0.4-0.6 Yes
BH210 Tpb Greater Geelong BH210/170215/0.0-0.1 0-0.1 Yes
BH210 Tpb Greater Geelong BH210/170215/0.3-0.6 0.3-0.6 Yes
BH211 Qvn Greater Geelong BH211/180215/0.0-0.1 0-0.1 Yes
BH211 Qvn Greater Geelong BH211/180215/0.3-0.5 0.3-0.5 Yes
BH212 Qvn Greater Geelong BH212/180215/0.0-0.1 0-0.1 Yes
BH212 Qvn Greater Geelong BH212/180215/0.4-0.6 0.4-0.6 Yes
BH213 Qvn Greater Geelong BH213/180215/0.0-0.1 0-0.1 Yes
BH213 Qvn Greater Geelong BH213/180215/0.5-0.6 0.5-0.6 Yes
BH214 Qvn Greater Geelong BH214/180215/0.0-0.1 0-0.1 Yes
BH214 Qvn Greater Geelong BH214/180215/0.45-0.5 0.45-0.5 Yes
BH215 Tpb Greater Geelong BH215/180215/0.0-0.1 0-0.1 Yes
BH215 Tpb Greater Geelong BH215/180215/0.35-0.6 0.35-0.6 Yes
BH216 Tpb Greater Geelong BH216/180215/0.0-0.1 0-0.1 Yes
BH216 Tpb Greater Geelong BH216/180215/0.45-0.6 0.45-0.6 Yes
BH217 Tpb Greater Geelong BH217/180215/0.0-0.1 0-0.1 Yes
BH217 Tpb Greater Geelong BH217/180215/0.4-0.6 0.4-0.6 Yes
BH218 Qvn Melton BH218/190215/0.0-0.1 0-0.1 Yes
BH218 Qvn Melton BH218/190215/0.3-0.5 0.3-0.5 Yes
BH219 Qvn Melton BH219/190215/0.0-0.1 0-0.1 Yes
BH219 Qvn Melton BH219/190215/0.35-0.6 0.35-0.6 Yes
BH220 Qvn Melton BH220/190215/0.0-0.1 0-0.1 Yes
BH220 Qvn Melton BH220/190215/0.3-0.6 0.3-0.6 Yes
BH221 Qvn Melton BH221/190215/0.0-0.1 0-0.1 Yes
BH221 Qvn Melton BH221/190215/0.4-0.6 0.4-0.6 Yes
BH222 Qvn Wyndham BH222/190215/0.0-0.1 0-0.1 Yes
BH222 Qvn Wyndham BH222/190215/0.5-0.6 0.5-0.6 Yes
BH223 Qvn Mitchell BH223/230215/0.0-0.1 0-0.1 Yes
BH223 Qvn Mitchell BH223/230215/0.35-0.6 0.35-0.6 Yes
BH224 Qvn Mitchell BH224/230215/0.0-0.1 0-0.1 Yes
BH224 Qvn Mitchell BH224/230215/0.3-0.6 0.3-0.6 Yes
BH225 Qvn Wyndham BH225/240215/0.0-0.1 0-0.1 Yes
BH225 Qvn Wyndham BH225/240215/0.45-0.6 0.45-0.6 Yes
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% % % g/cm3 mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g meq/100g pH_Units % % %
1 1 1 0.01 50 0.1 50 0.1 50 0.1 50 0.1 0.1 0.1 1 0.5 0.5
  Major Cations and Anions Other
10 34 9 2.64 154000 31 12600 15.2 4930 1.2 3300 4.7 52.2 8.6 18.4 0.9 0.5
3 32 37 2.34 2440 9.4 1500 2.9 2140 1.2 360 0.5 14.2 6.2 8.2 7.3 4.3
<1 15 22 2.71 1460 3.9 6130 11.3 6510 1.6 3980 7.3 24.2 8 25.4 4.4 2.6
1 73 11 2.51 1230 3.9 650 1.5 950 0.5 60 <0.1 5.9 5.3 2 4.7 2.7
<1 44 7 2.66 6630 10.7 5130 11.5 2650 0.8 2020 3.2 26.4 8.2 16.3 2.2 1.2
35 50 9 2.47 260 0.5 130 0.2 190 0.1 <50 <0.1 0.8 4 4.1 4.3 2.5
48 31 9 2.74 <50 <0.1 310 1.4 220 0.1 60 <0.1 1.8 4.4 5.9 1.3 0.7
4 75 14 2.33 190 0.3 150 0.2 140 <0.1 <50 <0.1 0.6 4.1 3.4 3.3 1.9
11 50 11 2.61 <50 <0.1 670 2.8 290 <0.1 80 <0.1 3.1 4.6 11.2 0.8 <0.5
3 84 7 2.44 260 0.9 150 0.8 90 <0.1 <50 <0.1 2 3.5 4.7 3.1 1.8
8 69 8 2.61 <50 <0.1 290 1 100 <0.1 60 0.1 1.4 4.6 5.5 0.7 <0.5
3 83 6 2.56 110 0.9 150 0.3 130 <0.1 <50 <0.1 1.5 4.4 5.5 1.8 1
13 73 7 2.64 70 <0.1 180 0.4 60 <0.1 <50 <0.1 0.7 4.9 2.8 1 0.6
2 39 40 1.72 1590 4.2 1130 2.1 1520 0.8 120 <0.1 7.3 5.2 11.6 7.6 4.4
1 46 35 2.51 710 2.6 1160 1.2 1460 0.5 150 <0.1 4.4 5.6 4.4 2.4 1.4
3 42 32 1.66 1450 5.6 1630 6.8 1350 0.9 340 0.5 13.9 4.3 9.6 14.2 8.2
<1 10 21 2.51 1060 3.2 5690 16.4 3120 0.8 2540 5.6 26 5.9 20.1 4.7 2.7
2 78 9 1.43 700 3.4 280 1.3 240 0.1 60 <0.1 4.9 4.4 3.4 5.5 3.2
1 26 9 2.63 230 0.9 1820 11.2 1670 0.9 1420 5 18.2 5.8 20 1.5 0.9
2 88 3 2.26 180 0.6 90 0.3 90 <0.1 <50 <0.1 1.1 3.8 1.7 3 1.7
1 88 6 2.17 60 0.1 70 0.1 60 <0.1 100 <0.1 0.3 4 1.5 1.3 0.8
1 39 43 1.26 780 2.1 790 2.8 510 0.3 220 0.3 5.6 4.1 9.6 10.7 6.2
<1 30 22 2.62 570 1.4 2860 8.5 1180 0.2 2190 4.2 14.4 5.3 17 4.6 2.7
1 29 17 2.14 2220 6.2 6430 15.8 8770 4.1 13900 10.4 36.6 7 32.8 24.8 14.4
3 36 22 2.68 1090 1.4 3300 4 4630 0.9 9910 2.9 9.4 7.4 31.7 1.9 1.1
22 63 9 2.45 5100 8.8 5740 3 1880 1.6 650 <0.1 13.6 6.7 11 10.4 6
<1 75 10 2.57 1570 4.3 620 0.9 930 0.2 <50 <0.1 5.5 6.2 3 <0.5 <0.5
1 21 39 2.32 4740 12 6630 27.1 1670 1 380 0.4 40.4 6.4 21 8.1 4.7
2 22 33 2.59 4600 11.6 7280 29 1220 0.4 590 0.9 42.1 6.9 23.8 12.7 7.4
19 59 7 2.51 6310 12.6 9150 10.7 2650 1.6 1400 1 25.9 6.4 9.8 9.3 5.4
2 48 12 2.55 2310 9.9 2770 12.3 1760 1 780 3.6 26.9 6.3 19.8 4.7 2.7
3 88 5 2.5 1960 3.5 730 2.2 700 0.4 60 <0.1 6.2 5.6 12 12.2 7.1
1 69 2 2.63 2020 9.1 2360 8.7 2660 0.7 880 3.6 22.2 6.4 14.9 3.9 2.2
2 76 11 2.45 1900 5 730 1.6 1210 0.6 <50 <0.1 7.3 5.2 11 10.4 6
<1 52 11 2.61 2900 9.2 3710 5.6 6240 1.7 270 0.3 16.9 5.8 17 27.2 15.8
4 81 8 2.51 2070 5 540 1.5 670 0.3 <50 <0.1 7 5.8 11.2 7 4
3 89 2 2.62 290 1.1 460 0.5 730 0.2 90 <0.1 1.8 4.4 5 2.3 1.3
9 39 32 2.34 1060 4.6 490 2.6 670 0.8 100 <0.1 8 4.6 13.6 11 6.4
3 15 13 2.74 710 3.1 1970 10.6 1160 0.5 730 1.2 15.5 5.8 27.4 1.2 0.7
9 55 27 2.43 530 1.8 210 0.5 380 0.3 80 <0.1 2.7 4.2 7.6 6.7 3.9
6 25 13 2.77 890 4.1 1570 8.2 960 0.4 510 0.8 13.7 6.2 20.4 1.1 0.6
2 75 17 2.34 1290 4.3 360 1.4 420 0.3 110 <0.1 6.2 4.7 13.7 9.3 5.4
<1 44 8 2.7 1120 2.7 2630 5.5 2330 0.4 1030 1.2 10 6 21.8 1.6 0.9
2 79 12 2.49 920 3.5 290 0.9 340 0.2 50 <0.1 4.7 4.6 3.8 5.5 3.2
<1 52 6 2.66 710 1.6 2410 5.3 1400 0.2 1170 1.3 8.5 6.3 15.4 0.8 <0.5
8 48 33 2.43 970 3.4 2110 1.6 620 0.5 120 <0.1 5.7 4.9 14.9 6.2 3.6
3 23 21 2.74 1280 5.7 4320 16.1 1570 0.6 1050 3.5 26 6.3 17.2 2.9 1.7
2 30 31 2.39 4280 10 4800 16.4 3000 1.1 1110 2.2 29.8 6.5 24.8 29.9 17.3
2 29 30 2.73 6460 23.3 4460 15.6 1340 0.6 2960 2.1 41.7 8.2 21.6 <0.5 <0.5
1 45 16 2.65 12900 25.1 4780 12.8 3740 1.8 5550 2.7 42.6 7.9 26.5 4.1 2.4
17 24 19 2.81 9390 25.9 5810 12.8 4480 2 7320 5.7 46.5 8.1 25.1 1 0.6
3 32 42 2.25 2010 7 2680 8.8 2040 1.2 660 1.8 18.9 6.3 19.4 7.3 4.2
4 18 24 2.67 10900 29.8 7570 21.8 3040 1.3 2470 6 58.9 7.9 20.1 3.3 1.9
1 73 18 2.42 580 2.7 280 1.6 290 0.2 80 <0.1 4.7 3.9 15.6 7.1 4.1
2 75 16 2.62 190 1.2 110 1.2 110 <0.1 <50 0.2 2.7 4.7 6.4 1.2 0.7
1 80 12 2.5 540 2.1 210 1 190 0.1 90 <0.1 3.4 4.1 13 5.1 2.9
25 63 5 2.61 280 0.9 70 0.3 70 <0.1 130 <0.1 1.3 4.7 5.1 <0.5 <0.5
1 69 20 2.45 650 2.6 300 0.9 460 0.4 50 <0.1 4 4.1 8.5 3.4 1.9
10 38 7 2.7 1660 8.1 2320 9.5 1390 0.3 730 2.3 20.3 6 14.3 0.6 <0.5
3 33 30 2.52 2020 7.2 2380 3.7 2090 1.8 90 <0.1 12.8 5.5 19.4 7 4
7 13 19 2.66 2600 10.3 3340 10.4 3070 1.5 290 0.4 22.6 6 21.1 3.2 1.9
1 38 38 2.36 1800 5.8 1480 3.8 990 0.8 100 0.2 10.6 5 15.4 7.3 4.2
4 31 27 2.58 5520 7.5 2980 8.9 950 0.3 640 1.8 18.6 6.5 13 2.5 1.5
2 26 32 2.23 2240 7 2260 5.1 3730 1.7 100 0.2 14 5 18.7 6.5 3.8
<1 9 20 2.57 2540 10 5220 14 7890 2.6 540 1.4 28.1 6.2 21.5 2.6 1.5
2 25 44 2.23 530 1.8 1150 2.9 1790 1 460 1.1 6.9 4.7 10.1 4.3 2.5
1 8 32 2.6 28900 22.7 7400 13.5 4400 1.5 4290 7.1 44.9 8.2 17.5 0.8 <0.5
1 34 31 2.29 1010 3.7 1530 4.5 2290 1.5 320 0.9 10.7 5.2 7.8 4.4 2.5
1 25 21 2.62 54000 26.8 13400 18.6 5320 1.7 3000 5.2 52.4 8.3 20.7 0.6 <0.5
<1 11 61 2.2 2060 7.5 2250 11.1 680 0.4 200 0.2 19.3 5.2 9.7 8.1 4.7
1 4 51 2.59 1870 6.1 3340 12.1 730 0.1 990 1.3 19.7 6 16.1 2.6 1.5
<1 6 69 2.04 1800 5.9 1660 7.4 560 0.3 160 0.2 13.7 4.7 8.6 9 5.2
<1 6 41 2.7 2320 8.7 4260 20.2 750 0.2 810 2.2 31.4 5.8 16.9 3.5 2
<1 12 37 2.27 1970 8.5 3400 10.3 5640 2 940 3.1 24 5.4 17.4 6.6 3.8
<1 11 31 2.7 2550 6.4 8690 11.8 8000 1.3 4700 6.2 25.7 8.3 32.6 1.2 0.7
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH226 Qvn Wyndham BH226/240215/0.0-0.1 0-0.1 Yes
BH226 Qvn Wyndham BH226/240215/0.3-0.6 0.3-0.6 Yes
BH227 Tpb Greater Geelong BH227/240215/0.0-0.1 0-0.1 Yes
BH227 Tpb Greater Geelong BH227/240215/0.3-0.6 0.3-0.6 Yes
BH228 Tpb Greater Geelong BH228/240215/0.0-0.1 0-0.1 Yes
BH228 Tpb Greater Geelong BH228/240215/0.4-0.6 0.4-0.6 Yes
BH229 Tpb Greater Geelong BH229/240215/0.0-0.1 0-0.1 Yes
BH229 Tpb Greater Geelong BH229/240215/0.3-0.6 0.3-0.6 Yes
BH230 Qvn Mitchell BH230/100315/0.0-0.1 0-0.1 Yes
BH230 Qvn Mitchell BH230/100315/0.35-0.6 0.35-0.6 Yes
BH231 Qvn Mitchell BH231/100315/0.0-0.1 0-0.1 Yes
BH231 Qvn Mitchell BH231/100315/0.3-0.6 0.3-0.6 Yes
BH232 Qvn Mitchell BH232/100315/0.0-0.1 0-0.1 Yes
BH232 Qvn Mitchell BH232/100315/0.3-0.6 0.3-0.6 Yes
BH233 Qvn Mitchell BH233/100315/0.0-0.1 0-0.1 Yes
BH233 Qvn Mitchell BH233/100315/0.3-0.6 0.3-0.6 Yes
BH234 Qvn Mitchell BH234/100315/0.0-0.1 0-0.1 Yes
BH234 Qvn Mitchell BH234/100315/0.3-0.6 0.3-0.6 Yes
BH235 Qvn Mitchell BH235/100315/0.0-0.1 0-0.1 Yes
BH235 Qvn Mitchell BH235/100315/0.3-0.6 0.3-0.6 Yes
BH236 Qvn Ballarat BH236/130715/0-0.1 0-0.1 Yes
BH236 Qvn Ballarat BH236/130715/0.4-0.6 0.4-0.6 Yes
BH237 Qvn Hume BH237/050615/0.0-0.1 0-0.1 Yes
BH237 Qvn Hume BH237/050615/0.3-0.6 0.3-0.6 Yes
BH238 Qvn Hume BH238/050615/0.0-0.1 0-0.1 Yes
BH238 Qvn Hume BH238/050615/0.3-0.45 0.3-0.45 Yes
BH239 Qvn Hume BH239/050615/0.0-0.1 0-0.1 Yes
BH239 Qvn Hume BH239/050615/0.3-0.6 0.3-0.6 Yes
BH240 Qvn Melton BH240/050615/0.0-0.1 0-0.1 Yes
BH240 Qvn Melton BH240/050615/0.4-0.55 0.4-0.55 Yes
BH241 Qvn Melton BH241/050615/0.0-0.1 0-0.1 Yes
BH241 Qvn Melton BH241/050615/0.46-0.6 0.46-0.6 Yes
BH242 Qvn Melton BH242/050615/0.0-0.1 0-0.1 Yes
BH242 Qvn Melton BH242/050615/0.45-0.6 0.45-0.6 Yes
BH243 Qvn Ballarat BH243/130715/0-0.1 0-0.1 Yes
BH243 Qvn Ballarat BH243/130715/0.3-0.6 0.3-0.6 Yes
BH244 Qvn Ballarat BH244/130715/0-0.1 0-0.1 Yes
BH244 Qvn Ballarat BH244/130715/0.5-0.6 0.5-0.6 Yes
BH245 Qvn Ballarat BH245/130715/0-0.1 0-0.1 Yes
BH245 Qvn Ballarat BH245/130715/0.45-0.6 0.45-0.6 Yes
BH246 Qvn Ballarat BH246/130715/0-0.1 0-0.1 Yes
BH246 Qvn Ballarat BH246/130715/0.35-0.5 0.35-0.5 Yes
BH247 Qvn Ballarat BH247/130715/0-0.1 0-0.1 Yes
BH247 Qvn Ballarat BH247/130715/0.4-0.6 0.4-0.6 Yes
BH248 Qvn Ballarat BH248/140715/0-0.1 0-0.1 Yes
BH248 Qvn Ballarat BH248/140715/0.3-0.6 0.3-0.6 Yes
BH249 Qvn Ballarat BH249/140715/0-0.1 0-0.1 Yes
BH249 Qvn Ballarat BH249/140715/0.35-0.6 0.35-0.6 Yes
BH250 Qvn Ballarat BH250/140715/0-0.1 0-0.1 Yes
BH250 Qvn Ballarat BH250/140715/0.4-0.6 0.4-0.6 Yes
BH251 Qvn Ballarat BH251/140715/0-0.1 0-0.1 Yes
BH251 Qvn Ballarat BH251/140715/0.4-0.6 0.4-0.6 Yes
BH252 Qvn Ballarat BH252/140715/0-0.1 0-0.1 Yes
BH252 Qvn Ballarat BH252/140715/0.4-0.6 0.4-0.6 Yes
BH253 Qvn Ballarat BH253/140715/0-0.1 0-0.1 Yes
BH253 Qvn Ballarat BH253/140715/0.5-0.6 0.5-0.6 Yes
BH254 Qvn Ballarat BH254/140715/0-0.1 0-0.1 Yes
BH254 Qvn Ballarat BH254/140715/0.4-0.6 0.4-0.6 Yes
BH255 Qvn Ballarat BH255/140715/0-0.1 0-0.1 Yes
BH255 Qvn Ballarat BH255/140715/0.3-0.5 0.3-0.5 Yes
BH256 Qvn Ballarat BH256/150715/0-0.1 0-0.1 Yes
BH256 Qvn Ballarat BH256/150715/0.3-0.6 0.3-0.6 Yes
BH257 Qvn Ballarat BH257/150715/0-0.1 0-0.1 No
BH257 Qvn Ballarat BH257/150715/0.35-0.6 0.35-0.6 No
BH258 Qvn Ballarat BH258/150715/0-0.1 0-0.1 Yes
BH258 Qvn Ballarat BH258/150715/0.35-0.6 0.35-0.6 Yes
BH259 Qvn Ballarat BH259/150715/0-0.1 0-0.1 Yes
BH259 Qvn Ballarat BH259/150715/0.4-0.6 0.4-0.6 Yes
BH260 Qvn Ballarat BH260/150715/0-0.1 0-0.1 Yes
BH260 Qvn Ballarat BH260/150715/0.45-0.6 0.45-0.6 Yes
BH261 Qvn Ballarat BH261/150715/0-0.1 0-0.1 Yes
BH261 Qvn Ballarat BH261/150715/0.4-0.6 0.4-0.6 Yes
BH262 Qvn Ballarat BH262/150715/0-0.1 0-0.1 Yes
BH262 Qvn Ballarat BH262/150715/0.4-0.6 0.4-0.6 Yes
BH263 Qvn Ballarat BH263/150715/0-0.1 0-0.1 Yes
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% % % g/cm3 mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g meq/100g pH_Units % % %
1 1 1 0.01 50 0.1 50 0.1 50 0.1 50 0.1 0.1 0.1 1 0.5 0.5
  Major Cations and Anions Other
<1 20 16 2.54 2280 3.7 6520 6.6 8980 0.8 4270 3.6 14.8 6.6 33.9 10.8 6.2
1 13 30 2.7 5170 11.4 9920 8.2 11100 1 5490 5.2 25.9 8.3 30.2 <0.5 <0.5
10 47 19 1.77 630 1.9 370 1.1 460 0.2 60 <0.1 3.3 3.7 10.3 10.6 6.2
5 16 13 2.68 580 2.7 1310 7.3 940 0.5 420 0.6 11.1 5.8 21 0.7 <0.5
1 73 13 1.97 920 3.2 260 1.3 220 0.1 50 <0.1 4.7 4 6 6.1 3.5
<1 44 4 2.57 610 2.5 1550 7.4 960 0.3 1000 1.5 11.8 5.2 16.7 2.8 1.6
10 49 22 2.23 810 2.9 400 1.8 440 0.4 110 <0.1 5.2 4.4 10.7 6.6 3.8
4 19 16 2.7 680 3.2 1380 7.9 1000 0.7 480 0.7 12.6 5.8 22.2 1.6 1
1 24 54 2.1 5010 14.7 1200 3.8 820 0.3 120 0.4 19.2 6.2 16.6 8.3 4.8
5 6 39 2.59 3630 15.2 1910 8.3 740 0.4 100 0.4 24.2 5.9 17.5 3.2 1.9
1 8 49 2 5040 16.5 3260 10.6 800 0.5 100 0.4 28.1 5.3 11.5 10.2 5.9
1 8 25 2.67 6120 20.6 5340 17 770 0.4 240 0.4 38.4 5.9 21.9 4 2.3
4 15 56 2.53 1140 3.7 1870 6.2 950 0.3 230 0.7 10.9 5.6 8.2 2.1 1.2
<1 10 45 2.65 1600 5.9 3800 15.3 1200 0.4 1060 3.6 25.2 6.2 21.1 2 1.2
7 13 46 2.55 1640 6.8 2160 11.7 1020 0.5 270 1.2 20.2 5.7 10.8 3.1 1.8
1 14 34 2.68 1110 6.4 2510 13.9 1360 0.4 340 1.4 22.2 5.5 18.3 1.6 0.9
<1 8 47 2.58 1720 7.4 3480 15.4 1030 0.5 560 2.1 25.4 5.9 15.2 2.9 1.7
<1 8 40 2.67 1800 7.3 3920 17.8 1090 0.4 930 3.7 29.3 6.2 17.3 1.9 1.1
5 12 55 2.35 910 3.9 1290 4.8 970 0.3 170 0.6 9.6 4.7 5.4 3.6 2.1
10 15 35 2.71 1480 6.3 3250 13.4 1790 0.4 1080 3.7 23.9 5.8 15.8 1.9 1.1
23 31 21 2.51 1690 5.3 890 3 790 0.7 80 0.2 9.2 5 24.8 9.4 5.4
1 22 31 2.62 1570 5.8 2120 9.8 620 0.1 580 1.8 17.6 5.6 15.1 <0.5 <0.5
7 27 46 2.43 2100 7.2 1370 2.5 1000 0.9 70 0.2 10.9 4.5 21.6 6.3 3.7
39 15 31 2.66 1230 5.3 920 2.4 450 0.2 60 0.2 8 5.5 8.3 2.2 1.3
9 20 39 2.08 2040 7.6 1400 6.1 860 0.4 150 0.5 14.7 4.6 14.4 9.4 5.5
1 17 40 2.54 2630 9.4 1950 9.4 710 0.3 250 0.9 20 5.5 14 4.4 2.6
3 35 38 2.45 5560 11.9 5670 7 1260 0.5 320 0.3 19.7 4.9 21.5 5.8 3.4
5 27 36 2.62 6550 14.1 8940 13.1 1270 0.3 410 0.8 28.2 6.5 13.2 5.2 3
2 41 31 2.07 530 2 1000 2 1760 0.6 220 0.9 5.9 4 10.2 6 3.5
<1 17 19 2.69 2090 3.5 6140 7.1 6760 1 3520 3.5 15 7.9 21.5 1.4 0.8
4 46 29 1.99 890 3.8 950 2.9 1330 1 140 0.5 8.2 4.6 10.3 6.5 3.8
5 25 28 2.7 17500 17.3 7620 14.6 3670 1 3000 4.4 37.4 8.3 16.2 0.9 0.5
6 20 43 2.14 1100 4 1630 3.7 1880 0.8 340 1 9.5 4.7 10.6 6.2 3.6
3 19 22 2.69 130000 22.6 13000 12.7 2930 0.7 3120 2.9 38.9 8.5 17.3 <0.5 <0.5
19 10 38 2.11 790 3.5 700 2.6 880 0.4 130 0.5 7 4.3 21.1 6.4 3.7
4 5 16 2.65 1600 6.9 3020 13.4 1800 0.6 900 2.8 23.7 6.5 22.8 1.2 0.7
3 25 38 2.4 1020 4.2 700 2.3 940 0.5 60 0.2 7.1 4.3 25.1 2.2 1.3
12 25 38 2.58 600 2.4 610 2.6 510 0.2 330 1.4 6.6 5.1 10.3 0.6 <0.5
3 19 43 2.27 3900 11.9 2930 8.6 2320 1.5 250 0.6 22.6 5 26.9 13.3 7.7
1 16 20 2.63 4080 15.2 4620 19.6 1750 0.9 960 3.4 39 6.3 29.1 <0.5 <0.5
13 19 46 2.12 950 3.3 690 1.3 900 0.3 60 0.2 5.1 4.2 25.1 12.3 7.2
42 14 19 2.95 880 5.8 580 2.1 840 0.6 80 0.3 8.7 4.9 15.4 1.9 1.1
13 21 33 2.31 2400 9.3 1680 7.5 940 0.6 130 0.4 17.8 5.2 25.8 10.7 6.2
3 10 19 2.64 1890 9.2 3220 17.6 1170 0.4 760 3.2 30.5 5.2 30.1 3.6 2.1
5 22 41 2.58 2300 7.7 800 1.7 2070 2 60 <0.1 11.5 5 22.3 5.6 3.3
2 11 29 2.79 1230 5.3 1000 2 2550 1.6 90 <0.1 9 4.7 18.4 0.7 <0.5
11 18 50 2.47 1810 6.2 680 1.4 1760 1.6 60 0.2 9.4 4.6 23.4 3.2 1.9
31 14 22 2.85 1440 6.3 1430 3.3 1590 0.5 120 0.2 10.4 5.2 17.9 3.6 2.1
2 27 47 2.47 620 2.4 530 0.6 1490 1 <50 <0.1 4.1 4.1 19.5 <0.5 <0.5
7 22 31 2.78 1130 5 1040 2.2 2310 1.2 70 <0.1 8.4 5.2 14.6 <0.5 <0.5
14 23 39 2.53 910 3.6 780 1.1 1960 1.8 80 0.3 6.7 4.2 21.2 27.3 15.4
17 20 33 2.7 880 3.9 1030 3.7 1130 0.3 170 0.6 8.6 5.3 15.4 0.6 <0.5
2 33 41 2.52 2700 9 1200 2.6 1060 0.6 70 0.2 12.4 4.5 30.9 12.4 7
7 18 48 2.66 3050 10.9 2170 5.7 1190 0.2 250 0.6 17.5 5.3 29.1 1.9 1
1 36 44 2.07 880 4 530 1.8 630 0.4 100 0.3 6.5 4.2 14.5 4.2 2.3
42 16 23 2.78 520 2.1 990 4.2 1000 0.1 170 0.6 7 5.3 11.5 <0.5 <0.5
2 21 58 2.48 870 4 590 2.7 450 0.2 170 0.7 7.6 5.2 33.8 3 1.7
44 8 21 2.8 630 3.1 1260 6.6 1030 0.3 320 1.2 11.2 6.3 21.7 <0.5 <0.5
1 33 47 2.28 1840 5.1 2860 2.5 1760 2.1 140 0.1 9.7 5.2 24.6 5.2 2.8
7 18 43 2.59 760 3 940 2 1990 1.9 80 0.2 7 5 16.9 <0.5 <0.5
15 20 52 2.29 1210 3.8 1690 2.9 500 0.3 80 0.3 7.2 5 20.6 5.8 3.3
9 5 14 2.7 830 3 2320 10.1 1200 0.2 310 0.8 14.1 5.1 24.6 <0.5 <0.5
8 47 31 2.03 6780 11.8 1440 3.5 850 0.8 90 0.2 16.3 5.7 27 3 1.4
44 13 29 2.8 770 3.3 350 1.8 330 0.5 <50 0.2 5.8 6.9 8.2 0.5 <0.5
33 13 30 2.54 700 2.6 640 2.5 410 0.2 70 0.2 5.4 4.7 15.8 2.5 1.4
5 5 21 2.67 2210 8.6 2600 10.8 1400 0.2 440 1.2 20.8 5.3 24.9 0.8 <0.5
17 24 40 2.16 640 3.6 320 1.1 540 0.7 80 0.4 5.8 4.3 25.4 9 5
57 15 9 3.01 430 3.3 420 3.6 250 0.1 80 0.4 7.5 6 10.9 <0.5 <0.5
31 17 35 2.28 420 2 340 1.3 210 0.2 60 0.3 3.8 4.2 15.6 10.5 5.8
13 9 16 2.75 710 2.6 1860 7.4 700 <0.1 320 1 11.2 4.8 18.7 <0.5 <0.5
4 15 61 2.15 670 2 370 0.8 360 0.1 60 0.2 3.2 4.4 24.2 <0.5 <0.5
49 7 16 2.84 360 1.7 920 4.4 580 0.2 180 0.6 7 5.2 14.3 <0.5 <0.5
3 24 48 2.46 1170 3.6 770 2.5 540 0.2 120 0.2 6.6 4.5 27.6 0.8 <0.5
11 7 18 2.79 1800 6.7 3670 13.8 800 0.3 960 3 23.8 6.7 24 <0.5 <0.5
12 15 30 2.12 2090 6.8 1610 5 1270 0.4 240 0.5 12.7 4.5 35.7 <0.5 <0.5
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH263 Qvn Ballarat BH263/150715/0.3-0.6 0.3-0.6 Yes
BH264 Qvn Ballarat BH264/150715/0-0.1 0-0.1 Yes
BH264 Qvn Ballarat BH264/150715/0.35-0.6 0.35-0.6 Yes
BH265 Qvn Ballarat BH265/150715/0-0.1 0-0.1 Yes
BH265 Qvn Ballarat BH265/150715/0.35-0.6 0.35-0.6 Yes
BH266 Qvn Ballarat BH266/160715/0-0.1 0-0.1 Yes
BH266 Qvn Ballarat BH266/160715/0.5-0.6 0.5-0.6 Yes
BH267 Qvn Ballarat BH267/160715/0-0.1 0-0.1 Yes
BH267 Qvn Ballarat BH267/160715/0.45-0.6 0.45-0.6 Yes
BH268 Qvn Ballarat BH268/160715/0-0.1 0-0.1 Yes
BH268 Qvn Ballarat BH268/160715/0.45-0.6 0.45-0.6 Yes
BH269 Qvn Ballarat BH269/160715/0-0.1 0-0.1 Yes
BH269 Qvn Ballarat BH269/160715/0.45-0.6 0.45-0.6 Yes
BH270 Qvn Ballarat BH270/160715/0-0.1 0-0.1 Yes
BH270 Qvn Ballarat BH270/160715/0.5-0.6 0.5-0.6 Yes
BH271 Qvn Ballarat BH271/160715/0-0.1 0-0.1 Yes
BH271 Qvn Ballarat BH271/160715/0.35-0.6 0.35-0.6 Yes
BH272 Qvn Ballarat BH272/160715/0-0.1 0-0.1 Yes
BH272 Qvn Ballarat BH272/160715/0.3-0.55 0.3-0.55 Yes
BH273 Qvn Ballarat BH273/160715/0-0.1 0-0.1 Yes
BH273 Qvn Ballarat BH273/160715/0.3-0.6 0.3-0.6 Yes
BH274 Qvn Ballarat BH274/160715/0-0.1 0-0.1 Yes
BH274 Qvn Ballarat BH274/160715/0.45-0.6 0.45-0.6 Yes
BH275 Qvn Ballarat BH275/170715/0-0.1 0-0.1 Yes
BH275 Qvn Ballarat BH275/170715/0.4-0.6 0.4-0.6 Yes
BH276 Qvn Ballarat BH276/170715/0-0.1 0-0.1 Yes
BH276 Qvn Ballarat BH276/170715/0.4-0.6 0.4-0.6 Yes
BH277 Qvn Greater Geelong BH277/170715/0-0.1 0-0.1 Yes
BH277 Qvn Greater Geelong BH277/170715/0.4-0.6 0.4-0.6 Yes
BH278 Qvn Greater Geelong BH278/170715/0-0.1 0-0.1 Yes
BH278 Qvn Greater Geelong BH278/170715/0.3-0.45 0.3-0.45 Yes
BH279 Qvn Greater Geelong BH279/170715/0-0.1 0-0.1 Yes
BH279 Qvn Greater Geelong BH279/170715/0.3-0.6 0.3-0.6 Yes
BH280 Tpb Greater Dandenong BH280/280715/0.0-0.1 0-0.1 Yes
BH280 Tpb Greater Dandenong BH280/280715/0.3-0.6 0.3-0.6 Yes
BH281 Tpb Greater Dandenong BH281/280715/0.0-0.1 0-0.1 Yes
BH281 Tpb Greater Dandenong BH281/280715/0.3-0.6 0.3-0.6 Yes
BH282 Tpb Greater Dandenong BH282/280715/0.0-0.1 0-0.1 Yes
BH282 Tpb Greater Dandenong BH282/280715/0.4-0.6 0.4-0.6 Yes
BH283 Tpb Greater Dandenong BH283/290715/0.0-0.1 0-0.1 Yes
BH283 Tpb Greater Dandenong BH283/290715/0.4-0.6 0.4-0.6 Yes
BH284 Tpb Greater Dandenong BH284/290715/0.0-0.1 0-0.1 Yes
BH284 Tpb Greater Dandenong BH284/290715/0.3-0.6 0.3-0.6 Yes
BH285 Tpb Greater Dandenong BH285/290715/0.0-0.1 0-0.1 Yes
BH285 Tpb Greater Dandenong BH285/290715/0.3-0.6 0.3-0.6 Yes
BH286 Tpb Greater Dandenong BH286/290715/0.0-0.1 0-0.1 Yes
BH286 Tpb Greater Dandenong BH286/290715/0.4-0.6 0.4-0.6 Yes
BH287 Tpb Monash BH287/290715/0.0-0.1 0-0.1 Yes
BH287 Tpb Monash BH287/290715/0.3-0.6 0.3-0.6 Yes
BH288 Tpb Monash BH288/300715/0.0-0.1 0-0.1 No
BH288 Tpb Monash BH288/300715/0.3-0.6 0.3-0.6 No
BH289 Qvn Mitchell BH289/300715/0.0-0.1 0-0.1 Yes
BH289 Qvn Mitchell BH289/300715/0.4-0.6 0.4-0.6 Yes
BH290 Qvn Mitchell BH290/300715/0.0-0.1 0-0.1 Yes
BH290 Qvn Mitchell BH290/300715/0.45-0.6 0.45-0.6 Yes
BH291 Qvn Mitchell BH291/300715/0.0-0.1 0-0.1 Yes
BH291 Qvn Mitchell BH291/300715/0.3-0.6 0.3-0.6 Yes
BH292 Qvn Mitchell BH292/300715/0.0-0.1 0-0.1 Yes
BH292 Qvn Mitchell BH292/300715/0.3-0.6 0.3-0.6 Yes
BH293 Qvn Mitchell BH293/300715/0.0-0.1 0-0.1 Yes
BH293 Qvn Mitchell BH293/300715/0.3-0.6 0.3-0.6 Yes
BH294 Qvn Mitchell BH294/300715/0.0-0.1 0-0.1 Yes
BH294 Qvn Mitchell BH294/300715/0.3-0.6 0.3-0.6 Yes
BH295 Tpb Frankston BH295/040815/0.0-0.1 0-0.1 Yes
BH295 Tpb Frankston BH295/040815/0.4-0.6 0.4-0.6 Yes
BH296 Tpb Frankston BH296/040815/0.0-0.1 0-0.1 Yes
BH296 Tpb Frankston BH296/040815/0.5-0.6 0.5-0.6 Yes
BH297 Tpb Frankston BH297/040815/0.0-0.1 0-0.1 Yes
BH297 Tpb Frankston BH297/040815/0.55-0.6 0.55-0.6 Yes
BH298 Tpb Frankston BH298/040815/0.0-0.1 0-0.1 Yes
BH298 Tpb Frankston BH298/040815/0.3-0.6 0.3-0.6 Yes
BH299 Tpb Frankston BH299/040815/0.0-0.1 0-0.1 Yes
BH299 Tpb Frankston BH299/040815/0.5-0.6 0.5-0.6 Yes
BH300 Tpb Mornington Peninsula BH300/040815/0.0-0.1 0-0.1 Yes
BH300 Tpb Mornington Peninsula BH300/040815/0.35-0.6 0.35-0.6 Yes
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1 1 1 0.01 50 0.1 50 0.1 50 0.1 50 0.1 0.1 0.1 1 0.5 0.5
  Major Cations and Anions Other
3 6 13 2.72 1470 6.2 2270 9.6 1170 0.2 640 1.9 18.1 5.5 26.6 <0.5 <0.5
17 49 24 2.44 3130 8.7 660 2.4 460 0.4 <50 0.2 11.6 7.6 18 <0.5 <0.5
18 10 25 2.77 1590 6 1270 3.6 1310 0.1 190 0.5 10.4 6.2 15.8 <0.5 <0.5
14 16 49 2.1 850 3.1 600 1.8 720 0.4 80 0.2 5.5 4.7 14.4 2.6 1.3
28 14 25 2.76 830 3.8 800 2.1 1400 0.8 100 0.3 7 5.1 13.3 <0.5 <0.5
4 52 30 2.55 1760 5 1120 2.3 530 0.2 60 0.1 7.6 5.3 24.4 0.6 <0.5
5 31 33 2.72 1080 3.9 2110 3.4 1170 0.8 160 0.4 8.5 5.3 17.7 2.6 1.5
5 22 56 2.37 1020 4.1 400 1 320 0.2 <50 0.1 5.4 4.4 17.9 44.8 26
40 16 30 2.74 150 0.5 220 0.6 140 <0.1 <50 0.1 1.2 4.8 8.2 1 0.6
6 23 55 2.37 380 1.3 330 0.3 260 <0.1 90 0.3 2 4.1 29.8 11.8 6.9
7 15 33 2.78 1420 4.8 2790 6.1 740 0.1 430 1.1 12.1 5 30.5 <0.5 <0.5
5 26 51 2.4 790 2.6 530 1.4 510 0.3 <50 0.1 4.4 4.7 21.8 9.2 5.4
18 7 24 2.76 760 2.8 1710 5.6 1270 0.1 350 0.8 9.5 5.7 21.8 0.6 <0.5
4 19 60 2.22 1010 3.4 650 1.9 490 0.2 90 0.2 5.8 4.8 27.5 20.9 12.1
33 8 27 2.82 400 2.1 1520 9 760 0.1 420 1.8 13.2 5.5 18.8 <0.5 <0.5
7 13 61 2.25 920 3.3 540 1.5 390 0.2 60 0.2 5.1 4.5 25 16.2 9.4
4 1 8 2.64 1370 5.3 2850 9.5 1940 0.3 720 1.7 16.9 5.2 29.2 2.4 1.4
6 11 62 2.14 4480 11.1 7020 8.2 1230 0.5 350 0.7 20.7 4.9 28.6 4.5 2.6
16 8 50 2.81 4090 5.8 23200 4.9 1240 0.4 750 1.7 12.9 5.5 15.3 1.7 1
1 12 56 2.45 5260 14 14600 11.4 1440 0.6 140 0.3 26.3 5.5 32.4 22.2 12.9
10 11 54 2.77 3240 10.5 16400 10.7 1180 0.2 330 0.8 22.2 5.9 26.8 12.4 7.2
10 15 43 2.36 480 1.3 590 0.2 1420 0.4 <50 <0.1 2.3 3.8 16.4 4.5 2.6
32 12 17 2.78 1310 5.2 1070 2.3 1840 0.2 80 0.1 7.8 5.2 12.8 1.3 0.8
6 16 61 2.12 3630 9 10100 4.4 1470 1.1 120 0.2 14.6 4.9 32 12.9 7.5
4 13 45 2.93 1640 4.6 18500 8.5 1610 1.2 350 0.5 14.8 6 24.8 2.5 1.5
13 24 41 2.13 8130 21.5 13100 12.9 2310 2.2 370 0.6 37.2 5.2 47.1 20.9 12.1
3 17 53 2.65 5190 12.9 19400 7.6 1750 1.3 90 0.9 22.6 5.7 31.3 6.2 3.6
2 60 20 2.52 4330 2.1 15500 1.3 1540 0.4 440 0.2 4 4.6 18.2 38.2 22.1
1 45 12 2.69 3690 1.5 14600 5.3 1450 0.4 370 2.5 9.9 6.5 9.9 2.4 1.4
11 17 28 2.45 710 16.9 870 5.3 1100 2 80 0.3 24.5 5.9 28.6 68.4 39.7
5 12 20 2.64 490 27 2840 9.2 2230 1.7 880 0.6 38.5 6.5 22.9 53 30.7
1 21 45 2.54 4450 3.2 3760 3.5 4670 0.6 140 1.2 8.4 5.4 17.6 4.4 2.5
<1 32 41 2.65 5620 1.9 5650 3.8 5850 0.4 260 2.9 9 7.4 6.6 2.1 1.2
12 56 8 2.69 1400 3.7 750 3.9 300 0.2 350 1.5 9.4 6.3 20.5 4.1 2.4
10 54 7 2.67 470 0.5 1160 1.4 190 <0.1 960 0.4 2.3 6.4 20.6 0.8 <0.5
6 72 9 2.58 1500 3.2 860 2.5 260 0.1 1200 0.4 6.2 6.8 19.6 5.5 3.2
1 76 4 2.67 290 0.8 630 2 290 <0.1 470 0.4 3.3 7 14.7 <0.5 <0.5
9 55 15 2.22 3500 8.5 980 4 940 1.1 270 0.2 13.9 6.7 11.1 4.4 2.6
7 39 8 2.67 1320 5.2 2480 9.5 1200 1.1 1330 1.8 17.6 7.7 15.9 0.6 <0.5
7 61 18 2.24 1140 1.6 450 1.3 200 0.1 130 0.4 3.5 3.4 23.8 18.7 10.8
7 70 11 2.36 80 0.2 160 0.3 <50 <0.1 260 <0.1 0.7 4.1 9.7 6 3.5
4 67 17 2.38 1830 2.8 260 0.8 220 0.1 70 0.2 3.9 4 9.3 3.9 2.3
1 71 23 2.57 160 0.7 110 0.5 50 <0.1 <50 0.2 1.5 4.8 4.6 1.1 0.6
5 60 25 2.43 700 2.5 590 2.7 370 0.4 <50 0.2 5.8 4.6 15.5 7 4.1
6 66 7 2.65 220 1 570 3.6 190 <0.1 70 0.2 4.9 4.7 13.2 1.3 0.8
4 74 14 2.49 650 1.8 200 0.8 130 0.1 <50 <0.1 2.8 4.8 12.1 2.2 1.3
2 71 18 2.59 230 0.9 60 0.2 <50 <0.1 <50 0.1 1.3 5.1 8.9 0.6 <0.5
6 52 27 2.46 1610 4.8 600 2.4 540 0.8 70 0.2 8.2 4.8 27.5 7.1 4.1
9 19 20 2.7 1060 3.9 1290 5.9 500 0.4 120 0.2 10.6 5.5 21.1 0.9 0.5
17 41 28 2.26 2340 6 2900 2.2 1820 0.5 110 0.2 9 4.8 23.3 6.3 3.6
9 22 13 2.69 730 2.9 1590 7.9 670 0.2 220 0.6 11.6 5.8 23 2.1 1.2
6 18 46 2.42 2040 7 1600 5.9 330 0.2 140 0.5 13.6 5.1 22.8 6.8 4
7 18 48 2.63 530 2.1 730 3.4 140 <0.1 190 0.1 5.7 5.2 8.6 1.5 0.9
16 9 44 2.47 1620 5.9 810 3.1 300 0.2 80 0.3 9.4 4.7 25.6 10.9 6.3
16 11 23 2.89 370 1.4 1490 6.5 500 <0.1 190 0.6 8.6 4.6 24.4 2.7 1.6
11 18 46 2.59 940 4 1210 1.5 750 0.7 60 0.2 6.4 4.3 20.6 6.5 3.8
18 20 36 2.81 1360 6.2 1750 4.1 360 0.1 160 0.6 11 5.1 17.6 2.8 1.6
4 19 48 2.29 2350 7.8 1500 4.2 930 0.7 80 0.2 13 4.6 26.2 13.4 7.8
11 20 41 2.78 1780 3.8 2210 3 680 0.4 130 0.2 7.4 5.2 19.7 3.8 2.2
8 18 48 2.36 820 3.3 710 2.4 460 0.5 90 0.3 6.5 4.3 20.9 6.8 3.9
14 5 35 2.83 280 1.1 1100 5.5 390 <0.1 200 0.7 7.5 5 20.5 1.2 0.7
3 16 44 2.33 1870 7.1 1320 5.4 450 0.3 120 0.4 13.2 4.7 31.2 11.4 6.6
10 12 31 2.81 1340 5.6 1180 8.6 190 0.1 120 0.7 15 5.2 24.4 3 1.7
6 71 13 2.42 570 1.7 240 0.9 270 0.2 200 0.6 3.4 4 12.8 2.6 1.5
5 78 10 2.63 270 0.8 110 0.4 90 <0.1 130 0.4 1.8 5.2 12.4 <0.5 <0.5
2 78 14 2.45 550 1.8 220 1.1 150 0.1 80 0.2 3.2 4 16.4 3.1 1.8
15 63 10 2.63 370 1.1 450 1.4 270 <0.1 150 0.4 3 4.8 8.5 <0.5 <0.5
6 60 23 2.25 1710 5.3 450 2.3 370 0.5 50 0.2 8.3 3.7 35.2 10.6 6.1
<1 84 13 2.63 120 0.8 <50 0.3 <50 <0.1 <50 0.1 1.3 4.8 3.2 <0.5 <0.5
1 82 13 2.39 880 2.7 190 1 150 0.2 <50 0.2 4.1 4 14.9 4.8 2.8
<1 84 11 2.6 130 0.4 <50 0.2 <50 <0.1 <50 <0.1 0.7 4.4 2.6 <0.5 <0.5
2 61 24 2.44 670 1.8 260 1.1 180 0.2 <50 0.2 3.3 3.8 23.7 5.4 3.1
1 16 9 2.65 720 2.7 1740 9 880 0.2 330 1 12.9 4.4 27 1.5 0.8
3 65 20 2.23 610 1.5 290 1 270 0.2 80 0.2 2.9 3.9 23.3 5.8 3.3
4 23 11 2.65 250 0.9 2500 11 1460 0.2 1080 3.4 15.5 5.2 22.4 0.8 <0.5
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Limit of Reporting
Location Underlying Geology Local Government Area Field_ID Sample Depth (m) Representative of BC
BH301 Tpb Casey BH301/040815/0.0-0.1 0-0.1 Yes
BH301 Tpb Casey BH301/040815/0.4-0.6 0.4-0.6 Yes
BH302 Qvn Mitchell BH302/050815/0.0-0.1 0-0.1 Yes
BH302 Qvn Mitchell BH302/050815/0.3-0.6 0.3-0.6 Yes
BH303 Qvn Mitchell BH303/050815/0.0-0.1 0-0.1 Yes
BH303 Qvn Mitchell BH303/050815/0.5-0.6 0.5-0.6 Yes
BH304 Qvn Mitchell BH304/050815/0.0-0.1 0-0.1 Yes
BH304 Qvn Mitchell BH304/050815/0.3-0.6 0.3-0.6 Yes
BH305 Qvn Mitchell BH305/050815/0.0-0.1 0-0.1 Yes
BH305 Qvn Mitchell BH305/050815/0.3-0.6 0.3-0.6 Yes
BH306 Tpb Bayside BH306/280815/0.0-0.1 0-0.1 Yes
BH306 Tpb Bayside BH306/280815/0.3-0.6 0.3-0.6 Yes
BH307 Tpb Bayside BH307/280815/0.0-0.1 0-0.1 Yes
BH307 Tpb Bayside BH307/280815/0.3-0.6 0.3-0.6 Yes
BH308 Tpb Bayside BH308/280815/0.0-0.1 0-0.1 Yes
BH308 Tpb Bayside BH308/280815/0.3-0.6 0.3-0.6 Yes
BH309 Tpb Port Phillip BH309/280815/0.0-0.1 0-0.1 Yes
BH309 Tpb Port Phillip BH309/280815/0.4-0.6 0.4-0.6 Yes
BH310 Tpb Monash BH310/280815/0.0-0.1 0-0.1 Yes
BH310 Tpb Monash BH310/280815/0.3-0.6 0.3-0.6 Yes
BH311 Tpb Greater Dandenong BH311/290815/0.0-0.1 0-0.1 Yes
BH311 Tpb Greater Dandenong BH311/290815/0.3-0.6 0.3-0.6 Yes
BH312 Tpb Casey BH312/290815/0.0-0.1 0-0.1 Yes
BH312 Tpb Casey BH312/290815/0.3-0.6 0.3-0.6 Yes
BH313 Tpb Mornington Peninsula BH313/290815/0.0-0.1 0-0.1 Yes
BH313 Tpb Mornington Peninsula BH313/290815/0.35-0.6 0.35-0.6 Yes
BH314 Tpb Mornington Peninsula BH314/290815/0.0-0.1 0-0.1 Yes
BH314 Tpb Mornington Peninsula BH314/290815/0.3-0.6 0.3-0.6 Yes
BH315 Tpb Mornington Peninsula BH315/290815/0.0-0.1 0-0.1 Yes
BH315 Tpb Mornington Peninsula BH315/290815/0.4-0.6 0.4-0.6 Yes
BH316 Tpb Mornington Peninsula BH316/290815/0.0-0.1 0-0.1 Yes
BH316 Tpb Mornington Peninsula BH316/290815/0.3-0.6 0.3-0.6 Yes
BH317 Tpb Mornington Peninsula BH317/290815/0.0-0.1 0-0.1 Yes
BH317 Tpb Mornington Peninsula BH317/290815/0.5-0.6 0.5-0.6 Yes
BH318 Qvn Mitchell BH318/310815/0.0-0.1 0-0.1 Yes
BH318 Qvn Mitchell BH318/310815/0.4-0.6 0.4-0.6 Yes
BH319 Qvn Mitchell BH319/310815/0.0-0.1 0-0.1 Yes
BH319 Qvn Mitchell BH319/310815/0.3-0.6 0.3-0.6 Yes
BH320 Tpb Greater Geelong BH320/120915/0-0.1 0-0.1 Yes
BH320 Tpb Greater Geelong BH320/120915/0.3-0.6 0.3-0.6 Yes
Notes: 
Qvn= Tertiary-Quaternary Basalt, Sla/Sud= Silurian Siltstone and Sandstone, Tpb= Tertiary Sediments
LGA= Local Government Area
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% % % g/cm3 mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g mg/kg meq/100g meq/100g pH_Units % % %
1 1 1 0.01 50 0.1 50 0.1 50 0.1 50 0.1 0.1 0.1 1 0.5 0.5
  Major Cations and Anions Other
2 53 22 2.26 3440 8.4 1810 5.6 970 0.6 240 0.4 15.1 5.5 33.2 8.2 4.8
9 21 11 2.69 710 2.8 1350 7 650 0.2 250 0.6 10.6 5.3 26.8 1.5 0.9
1 6 44 2.45 3250 10.2 4090 15.3 1380 0.7 140 0.4 26.7 5 30.3 7.4 4.3
<1 6 32 2.65 4100 13.8 5180 21.5 1000 0.4 330 1.1 36.7 5.6 28.9 1.2 0.7
2 10 55 2.22 1050 4.7 1530 8.1 780 0.4 160 0.7 13.8 4.7 18.6 5.8 3.4
3 7 32 2.68 1170 3.8 4500 17.5 1430 0.3 1450 2.9 24.6 5.3 19.8 0.8 <0.5
5 14 49 2.3 1120 3.8 1010 3.6 500 0.2 70 0.3 7.8 4.6 24.4 6.1 3.6
1 5 20 2.66 700 3 1600 8 810 0.2 400 1.4 13.7 4.4 24.5 1.3 0.7
5 8 52 2.44 2510 7.8 1760 6.6 610 0.4 110 0.4 15.3 5 26.6 6.6 3.9
8 12 32 2.82 1700 7 2680 13.8 610 0.2 320 1.2 22.3 5.5 28.3 0.7 <0.5
5 79 7 2.34 1790 5.6 340 1.7 240 0.2 80 0.3 7.7 6.1 4.2 2.2 1.3
1 88 3 2.58 1880 5.1 360 1.5 260 0.2 90 0.2 7 6.2 5.3 2.6 1.5
1 75 12 2.6 970 3.4 1130 1.9 950 0.3 220 0.8 6.4 4.4 14.6 3.2 1.8
2 83 3 2.61 430 1.7 420 1.2 300 <0.1 250 0.1 3.2 4.5 4.1 1.3 0.8
5 81 8 2.4 1970 5.5 690 3.5 190 0.2 130 0.3 9.6 4.1 13 15.4 9
4 86 6 2.54 140 0.6 90 0.8 50 0.1 130 0.6 2.2 3.6 3.4 2 1.2
2 70 16 2.39 2680 7.6 1900 2.5 820 0.6 140 0.3 11 5 16.5 6.5 3.8
4 41 9 2.67 970 3.6 4020 6.6 1300 0.1 2530 2.6 13.1 7.9 16.2 0.6 <0.5
3 87 10 2.28 900 2.7 300 1.2 270 0.4 100 0.2 4.5 4.5 6.2 5.4 3.2
1 91 7 2.63 50 0.3 <50 <0.1 <50 <0.1 <50 0.1 0.6 4.1 2 0.6 <0.5
2 51 26 2.38 570 2.3 670 3.3 300 0.2 360 1.4 7.1 4.2 20.9 6.2 3.6
3 45 15 2.62 1190 3.5 2150 7.9 450 0.1 1310 1.5 13.2 5.8 20.3 2.2 1.3
5 76 11 2.58 240 1 100 0.4 80 <0.1 <50 <0.1 1.8 4 12.1 3.5 2
9 73 11 2.61 80 0.3 60 0.2 50 <0.1 <50 <0.1 0.7 4.2 6.8 0.7 <0.5
1 42 30 2.28 1460 4.6 840 2.9 580 0.4 240 0.6 8.5 4.6 49.8 10.6 6.2
2 71 16 2.63 120 0.6 80 0.4 <50 <0.1 <50 0.2 1.2 4.5 14.2 0.6 <0.5
1 73 20 2.55 270 0.9 130 0.6 110 0.1 <50 0.1 1.8 4 17.4 4.3 2.5
2 74 15 2.62 80 0.3 <50 0.1 <50 <0.1 <50 0.1 0.7 4.5 10 <0.5 <0.5
1 22 45 2.33 1470 5.4 1180 4.2 310 0.1 160 0.4 10.3 4.5 34.7 5 2.9
2 30 24 2.67 900 4.4 1610 8.4 390 0.1 460 1.7 14.6 5.2 24.4 3 1.7
1 30 53 2.07 800 2.5 570 2.3 450 0.5 90 0.3 5.6 4.9 40.5 10.2 5.9
2 15 32 2.63 650 2.6 1600 7.1 620 0.2 480 1.2 11.3 4.5 25.8 1 0.6
5 57 28 2.4 1450 4.8 410 1.7 480 0.5 70 0.2 7.2 4.9 34.3 8.9 5.2
11 34 19 2.66 60 0.2 1230 7 680 0.5 290 0.9 8.8 4.6 23 1.1 0.6
2 29 49 2.4 1740 6.7 1250 5.2 490 0.5 110 0.4 12.7 4.8 21.6 11.3 6.6
7 7 31 2.76 950 4.3 2770 13.9 540 0.1 550 1.9 20.4 5.2 26.9 3.5 2
1 27 54 2.42 1020 3.6 680 2.7 360 0.3 80 0.3 6.9 4.6 27.7 10.2 5.9
11 6 24 2.67 360 2.7 2140 10.4 620 0.1 610 1.6 14.9 4.5 28.4 2 1.2
33 39 14 2.32 810 2.7 300 1 860 1.1 80 0.2 4.9 4.7 13.7 7 4
19 15 13 2.69 860 4.3 1650 8.4 1180 0.5 700 0.6 14.2 6 24.9 1.1 0.7
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Supplementary Information 1 
The identified open source soil data repositories included:  
• Environmental Site Assessment reports for audited sites (EPA, 2016); statutory 
documents that are issued after a statutory environmental audit of a site has been 
conducted (http://www.epa.vic.gov.au/our-work/environmental-auditing/environmental-audit-
reports-online).  
• The National Geochemical Survey of Australia Project (de Caritat and Cooper, 2011), 
a nationwide, low resolution soil survey primarily undertaken for exploration purposes was 
completed in 2009, comprising samples from catchment sediments and floodplains across 
Australia, accessed via http://www.ga.gov.au/about/projects/minerals/concluded/national-
geochemical-survey. 
• Geological Survey of Victoria (DSDBI, 2014); a combined dataset of stream sediment 
and soil geochemical results collated from expired exploration and mining licenses issued 
since 1965. http://www.energyandresources.vic.gov.au/earth-resources/geology-of-
victoria/geological-survey-of-victoria/geochemistry. 
• Trace element concentrations in Soils from Rural and Urban Areas of Australia, 
(Olszowy et al., 1995); a targeted soil survey undertaken to assess baseline concentrations 
of trace elements in urban soils of Adelaide, Brisbane, Melbourne and Sydney, and the 
influence of traffic and old or new urbanization on metal concentrations. Data within report.  
 
A summary of the reviewed sources and decision for inclusion in the assessment of background soil 
in the Study Area is provided in Table S1.  
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Supplementary Information 1 
TableS1:  Summary of review of data sources for inclusion within the background concentration database 
Data Source Summary of Scope Quality Review Data is Suitable? 
Trace element 
concentrations in Soils 
from Rural and Urban 
Areas of Australia 
(Olszowy, Torr and Imray 
1995) 
• Surface soil samples (0 to 150 mm) 
generally collected from the front yards 
of residential properties within capital 
cities. 
• Rural soil samples collected in 
Queensland. 
• Samples were assessed for broad 
screen of metals.  
• No soil logs, soil texture, or 
underlying geology reported.  
• Sample locations are not provided. 
• Samples include topsoil within close 
proximity to houses and roads, 
unlikely representative of ambient 
background concentrations. 
• Sample analysis undertaken prior to 
1999. 
No  
Dataset does not 
include required 
sample 
information. 
Geological Survey of 
Victoria 
Data available at: 
http://dpistore.efirst.com.
au/categories.asp?cID=12 
(Accessed April 2015) 
• Dataset comprised over 72,000 stream 
sediment samples and 370,000 soil 
samples within Victoria. 
• Samples typically comprise of material 
collected from the weathering profile, 
at an approximate depth of 10-40 cm. 
• A few samples (not specified) were 
taken using a hand auger extending to 
a depth of 2m. 
• A total of 5711 soil samples and 2100 
sediment samples were collected 
within the Study Area. 
• GPS coordinates for sample locations 
are provided. 
• No soil logs provided. 
• No distinction between samples from 
fill or natural material. 
• Sample depths not specified for each 
location. 
• Sample analysis undertaken prior to 
1999 using varied analytical 
methods, including perchloric acid, 
hydrofluoric acid digest and aqua 
regia digest. 
No. 
Dataset does not 
meet quality 
objectives. 
The National Geochemical 
Survey of Australia Project 
(de Caritat and Cooper 
2011) 
Data available at: 
http://www.ga.gov.au/ab
out/what-we-
do/projects/minerals/con
cluded/national-
geochemical-survey 
 
Accessed 01 April 2015 
• Dataset comprised samples collected at 
0-10 and 60-80cm from 1315 locations 
across Australia. 
• Analysis of metals was undertaken at 
51 locations within Victoria  
• 2 of the 51 locations were from 
sediments within the Study Area.  
 
• GPS coordinates for sample locations 
are provided.  
• Field descriptions and sample depths 
provided. 
• Sample analysis was undertaken post 
1999 using aqua regia digest on the 
<2 mm fraction. 
• Parent material of sample not 
specified. 
 
No. 
Data meets data 
quality objectives, 
however, samples 
are likely 
representative of 
recent alluvium 
rather than the 
targeted parent 
materials of this 
study. 
EPA Audit Reports  
Audit reports available at:  
http://www.epa.vic.gov.a
u/our-
work/environmental-
auditing/53v-reports-
certificates-statements-of-
environmental-audit 
Accessed April 2015. 
• Many of the reports include soil data, 
collected from natural material, from 
sites that may have been 
contaminated. 
• Over 2500 audit reports are 
publically available, within the study 
area.  
• There is a large number of Audit 
reports completed post 1999. 
• Sample depth, location and chemical 
concentrations are typically reported 
in tables and on soil logs. The data is 
currently not collated into any single 
publically available database. 
 
Yes. 
 
Data evaluation 
method developed 
to exclude 
contaminated 
samples from the 
dataset and rank 
data quality. 
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Supplementary Information 2 
Table S2a: Normalised Enrichment Factors for Survey Samples, where both surface (S) and subsurface (SS) 
samples were collected, based on normalisation with Al. 
Location Pb(S) Pb(SS) EF Mn (S) Mn (SS) EF Ni (S) Ni (SS) EF Zn (S) 
Zn 
(SS) EF Al (S) Al(SS) 
BH003 18 10 2.9 171 76 3.7 22 37 1 31 28 1.8 17500 28600 
BH004 31 12 3.8 238 138 2.5 27 29 1.4 118 40 4.4 11500 17000 
BH005 20 7 2.1 56 282 0.1 22 45 0.4 24 10 1.8 16700 12400 
BH014 31 8 6.5 130 12 18.1 8 12 1.1 26 7 6.2 7670 12800 
BH015 23 8 14 11 29 1.8 2 10 1 12 12 4.9 3950 19200 
BH016 9 9 0.9 377 437 0.8 65 78 0.7 41 33 1.1 18800 16400 
BH017 17 6 2.3 1260 871 1.2 84 92 0.7 62 45 1.1 23300 18600 
BH020 12 2.5 5.8 770 701 1.3 73 87 1 82 74 1.3 32600 39100 
BH021 8 5 1.7 659 556 1.2 66 63 1.1 48 39 1.3 36800 38800 
BH079 12 7 3.1 87 22 7.3 6 18 0.6 15 6 4.6 6480 11900 
BH081 11 7 2.7 38 2.5 25.8 6 8 1.3 12 2.5 8.1 5740 9740 
BH082 46 9 9.2 730 413 3.2 28 42 1.2 125 26 8.6 13600 24400 
BH084 14 7 1.8 82 18 4.0 15 17 0.8 20 7 2.5 15200 13300 
BH090 12 7 2.3 1040 785 1.8 93 128 1.0 51 38 1.8 26300 35400 
BH091 14 2.5 2.1 910 360 0.9 148 108 0.5 83 16 1.9 27100 10100 
BH102 93 13 17.3 272 651 1 22 82 0.6 90 54 4 9250 22400 
BH108 19 5 5.6 79 54 2.2 8 14 0.8 20 7 4.2 7940 11700 
BH109 16 7 3.3 153 122 1.8 18 33 0.8 22 14 2.3 11700 17000 
BH110 13 7 4 34 89 0.8 7 20 0.8 17 11 3.4 7600 16500 
BH111 26 12 2.9 427 309 1.8 15 18 1.1 59 24 3.3 9750 13000 
BH117 12 7 2.3 193 325 0.8 18 52 0.5 24 25 1.3 17200 23200 
BH118 16 11 3.4 25 16 3.6 6 9 1.5 11 9 2.8 11200 26000 
BH119 8 6 1.7 832 495 2.1 34 36 1.2 63 19 4.2 23100 29100 
BH120 2.5 9 0.1 670 376 0.6 62 11 1.9 74 21 1.2 31800 11000 
BH121 6 14 0.4 435 862 0.4 41 23 1.5 29 22 1.1 24600 21200 
BH218 16 8 4 556 360 3.1 52 113 0.9 22 23 1.9 20100 39800 
BH219 8 6 2.9 510 389 2.8 20 43 1 23 32 1.6 9680 21000 
BH220 64 9 15.3 494 146 7.3 32 56 1.2 30 41 1.6 24600 52800 
BH221 17 12 2.9 703 616 2.3 12 44 0.6 12 17 1.4 13900 28200 
BH222 12 8 3.9 442 235 4.8 23 45 1.3 19 16 3.1 13000 33400 
BH225 15 10 1.8 554 487 1.4 28 57 0.6 24 25 1.2 30900 37500 
BH226 13 9 1.8 357 234 1.9 52 60 1.1 34 39 1.1 42200 51200 
BH237 16 28 0.5 618 638 0.8 12 8 1.2 16 8 1.6 9620 7790 
BH238 14 10 1.5 123 93 1.4 6 8 0.8 14 10 1.5 14500 15600 
BH239 9 2.5 6.3 704 619 2 32 50 1.1 46 58 1.4 13800 24000 
BH240 11 12 2.3 136 532 0.6 15 65 0.6 13 22 1.5 14000 34900 
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Location Pb(S) Pb(SS) EF Mn (S) Mn (SS) EF Ni (S) Ni (SS) EF Zn (S) 
Zn 
(SS) EF Al (S) Al(SS) 
BH241 11 11 2.8 336 671 1.4 18 53 1 9 23 1.1 10100 28600 
BH242 14 6 3.7 819 325 4 23 40 0.9 17 8 3.4 19200 30800 
Mean     4.0     3.2     1.0     2.7     
 
Table S2b: Normalised Enrichment Factors (EF) for Survey Samples, where both surface (S) and subsurface 
(SS) samples were collected, based on normalisation with Ti. 
Location Pb(S) Pb(SS) EF Mn (S) Mn (SS) EF Ni (S) Ni (SS) EF Zn (S) Zn (SS) EF Ti Ti(SS) 
BH003 18 10 2.1 171 76 2.6 22 37 0.7 31 28 1.3 120 140 
BH004 31 12 2.3 238 138 1.5 27 29 0.8 118 40 2.6 160 140 
BH005 20 7 1.3 56 282 0.1 22 45 0.2 24 10 1.1 90 40 
BH014 31 8 2.6 130 12 7.2 8 12 0.4 26 7 2.5 60 40 
BH015 23 8 3.4 11 29 0.4 2 10 0.2 12 12 1.2 60 70 
BH016 9 9 1.0 377 437 0.9 65 78 0.8 41 33 1.2 290 290 
BH017 17 6 2.3 1260 871 1.2 84 92 0.7 62 45 1.1 480 390 
BH020 12 2.5 5.5 770 701 1.3 73 87 1.0 82 74 1.3 3380 3900 
BH021 8 5 2.1 659 556 1.5 66 63 1.4 48 39 1.6 360 470 
BH079 12 7 1.7 87 22 4.0 6 18 0.3 15 6 2.5 30 30 
BH081 11 7 2.0 38 2.5 19.0 6 8 0.9 12 2.5 6.0 40 50 
BH082 46 9 7.8 730 413 2.7 28 42 1.0 125 26 7.4 280 430 
BH084 14 7 1.2 82 18 2.7 15 17 0.5 20 7 1.7 50 30 
BH090 12 7 1.2 1040 785 0.9 93 128 0.5 51 38 0.9 1550 1040 
BH091 14 2.5 0.6 910 360 0.3 148 108 0.1 83 16 0.5 2710 270 
BH102 93 13 11.9 272 651 0.7 22 82 0.4 90 54 2.8 360 600 
BH108 19 5 2.2 79 54 0.8 8 14 0.3 20 7 1.6 70 40 
BH109 16 7 2.9 153 122 1.6 18 33 0.7 22 14 2.0 80 100 
BH110 13 7 1.2 34 89 0.3 7 20 0.2 17 11 1.0 90 60 
BH111 26 12 3.4 427 309 2.1 15 18 1.3 59 24 3.8 90 140 
BH117 12 7 11.5 193 325 4.0 18 52 2.3 24 25 6.4 70 470 
BH118 16 11 1.0 25 16 1.0 6 9 0.4 11 9 0.8 60 40 
BH119 8 6 0.4 832 495 0.4 34 36 0.3 63 19 0.9 750 200 
BH120 2.5 9 0.0 670 376 0.2 62 11 0.7 74 21 0.5 1280 170 
BH121 6 14 0.5 435 862 0.6 41 23 2.1 29 22 1.6 210 250 
BH218 16 8 1.5 556 360 1.2 52 113 0.3 22 23 0.7 470 350 
BH219 8 6 3.3 510 389 3.2 20 43 1.1 23 32 1.8 400 980 
BH220 64 9 5.7 494 146 2.7 32 56 0.5 30 41 0.6 260 210 
BH221 17 12 1.0 703 616 0.8 12 44 0.2 12 17 0.5 190 130 
BH222 12 8 0.7 442 235 0.9 23 45 0.2 19 16 0.6 410 190 
BH225 15 10 1.0 554 487 0.8 28 57 0.3 24 25 0.6 120 80 
BH226 13 9 2.2 357 234 2.3 52 60 1.3 34 39 1.3 80 120 
BH237 16 28 0.4 618 638 0.7 12 8 1.1 16 8 1.5 260 190 
BH238 14 10 1.5 123 93 1.5 6 8 0.8 14 10 1.5 100 110 
6 
 
Location Pb(S) Pb(SS) EF Mn (S) Mn (SS) EF Ni (S) Ni (SS) EF Zn (S) Zn (SS) EF Ti Ti(SS) 
BH239 9 2.5 5.7 704 619 1.8 32 50 1.0 46 58 1.2 700 1100 
BH240 11 12 0.6 136 532 0.2 15 65 0.1 13 22 0.4 200 120 
BH241 11 11 1.2 336 671 0.6 18 53 0.4 9 23 0.5 250 290 
BH242 14 6 1.3 819 325 1.4 23 40 0.3 17 8 1.2 330 180 
Mean     2.6     2.0     0.7     1.8     
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Supplementary material 1 
Anderson Darling values for selected elements, under weibull, lognormal, loglogistic and normal distribution 
for open-source (OS) and survey (S) data. The lowest Anderson Darling value is highlighted bold, to indicate 
the distribution of best fit. 
Element Data Source Weibull Lognormal Loglogistic Normal 
Mn S 1.3 2.3 2.4 1.2 
OS 1.1 1.8 1.7 1.0 
Zn S 1.7 0.8 0.9 2.3 
OS 5.3 0.4 0.5 7.8 
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Supplementary Material 1- Quality Assurance and Quality Control Measures 
The Quality Assurance (QA) and Quality Control (QC) procedures adopted during the background soil 
survey were in general accordance with Section 8.0 of the Australian Standard AS 4482.1 (Standards Australia, 
2005). A data quality review was conducted utilising the Data Quality Objectives (DQOs) and Data Quality 
Indicators (DQIs) outlined by the National Environment Protection Measures (NEPM) (NEPC, 2013). The DQO 
are summarised in Table 1. 
Table 1 Summary of data quality objectives (DQOs) (NEPC, 2013) 
DQO Field & Laboratory Data Quality Indicators Considerations 
Completeness 
 
The number and location of samples meets the objectives of the field work program. 
Sample collection, handling, storage and preservation were appropriate. Samples were 
assessed for the proposed suite of analytes. Samples were analysed using the same 
laboratory procedures and within appropriate holding times.  
Comparability Standard sampling procedures and sampling instruments were used on each occasion. 
Samples were collected by suitably qualified samplers. The sample type, size fraction and 
pre-analysis processes were consistent. Analytical methods, measurement units and 
limits of reporting (LOR) were consistent. The laboratories used were National 
Association of Testing Authrorities (NATA) registered and the methods used were NATA 
accredited. 
Precision Field, inter-laboratory duplicates and laboratory duplicates were collected to assess 
precision.  
Accuracy Accuracy is assessed through compliance with standard procedures and analysis of field 
rinsate blanks, method blanks, matrix spikes, surrogate spikes, reference materials, 
laboratory control samples and laboratory prepared spiked control samples. Matrix 
spikes refer to an intra-laboratory split sample, spiked with a representative set of target 
analytes. This spike monitors potential matrix effects on analyte recoveries. Different 
matrix effects can affect the recoveries of some analytes and therefore recoveries that 
fall outside this range may still be acceptable. Accuracy is assessed through the 
comparison of results produced by the primary and secondary laboratories for the same 
sample and by measuring the extent to which an analytical result reflects the known 
concentration as measured by the recovery obtained from internal laboratory spikes. 
 
The project specific DQO are summarised in Table 2. The acceptance limits were in accordance with 
recommendations within the NEPM (NEPC, 2013) 
Table 2 Summary of the adopted Data Quality Indicators (DQIs) and Assessment Criteria (NEPC, 2013) 
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DQO DQI Acceptance Limit 
Completeness Overall Completeness A total of 640 samples to be collected from 320 locations 
within the Study Area. All primary samples are assessed for a 
suite of elements including, As, As, Cd, Cr, Cu, F, Hg, Ni, Sn, 
Pb and Zn. 
Comparability Limit of Reporting (LOR) The LOR should be below the Industrial Waste Resource 
Guidelines (IWRG621, EPA 2009) for Fill Material. 
Precision Field Duplicates Duplicates are to be collected at a rate of 10% of all samples 
of which 50% are to be analysed by the primary laboratory 
and 50% are to be analysed by the secondary laboratory. The 
Relative Percent Difference (RPD) between the measured 
concentration in the primary sample and duplicate samples is 
to be less than 50%.  
Internal Laboratory 
Duplicates 
Duplicates to be analysed at a rate of at least 10%. The RPD is 
to be less than 30% for laboratory duplicates. 
Accuracy 
 
Laboratory Method 
Blanks 
Results should be below the LOR. 
Laboratory Control 
Sample Spikes (LCS) 
LCS are to be analysed at a frequency of 10% of total samples 
analysed by the laboratory. Recoveries of analytes should be 
within the range of 70% to 130%.  
Matrix Spikes Matrix spikes are to be analysed at a frequency of 5% of total 
samples analysed by the laboratory. Recoveries for most 
analytes should generally be within the range of 70%-130%. 
Different matrix effects can affect the recoveries of some 
analytes and therefore recoveries that fall outside this range 
may still be acceptable. 
 
In addition, during soil sampling the following quality control measures were undertaken: 
• Re-usable equipment was washed between sample locations, to remove soil.  
• Disposable nitrile, powder free, gloves were used when handling soil samples. 
• Soil samples collected for chemical analysis were collected in jars with Teflon sealed lids. 
• Soil samples collected for analysis of particle size were collected in zip lock bags.  
• Soil samples were labelled in the field.  
• The sample ID included the sample location, date and depth (for example BH001/020514/0.0-0.15). 
• Soil samples were transported to the engaged chemical laboratories under a signed chain of custody. 
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• Duplicates samples were assessed for the same suite of analytes as described in Table 1. Secondary 
duplicate samples were assessed by Eurofins laboratory.  
• The primary and secondary laboratories were National Association of Testing Authorities (NATA) 
accredited for the adopted analytical suite. 
Evaluation of Anomalous Metal/Element Concentrations 
When assessing ambient background concentrations of metals/elements, it is important to identify if 
elevated results are due to point sources of contamination, and thus, not representative of background. An 
elevated result may represent a natural anomaly due to mineralisation, contamination, or laboratory/method 
error. Principal components analysis using elements known to be common soil contaminants (arsenic, cobalt, 
copper, nickel, lead and zinc) was undertaken to identify outliers, potentially representative of point source 
contamination. Samples with an elevated Mahalanobis distance, above the reference line, were identified as 
outliers. The geomorphology, historical land use and chemical characteristics at each outlier location were 
reviewed and possible explanation(s) for the elevated result was examined. Where a surface sample was 
identified as contaminated, the surface and sub-surface sample from this location was removed from the 
background survey dataset.  
2.3.1 Quality Control and Quality Assurance Results 
The background soil survey methods and results were compared against the DQI (Table 1) and DQO 
and summarised in Table 3.  
Table 3: Comparison of the background survey methods and results with the Data Quality Objectives (DQO) 
and Data Quality Indicators (DQI) 
DQO DQI Summary of Results 
Completeness - In accordance with the project objectives 640 primary samples 
were collected from 320 sampling locations within the Study Area. 
All samples were assessed for the proposed suite of analytes. Due 
to the presence of basalt rock, two samples BH018/051214/0.1-
0.35 and BH019/051214/0.04-0.3 were collected outside the 
desired sample depth range for sub-surface material (0.3 to 0.6 
m). These samples have been excluded from the sub-surface 
statistics. Both surface and sub-surface samples from BH019 
reported elevated concentrations of zinc, outside the range 
expected for background concentrations. The elevated zinc results 
were expected to be associated with the incorrect use of a painted 
spade to scrape the sample from the shallow basalt at this 
location. Samples from BH019 were excluded from the 
background data set.  
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DQO DQI Summary of Results 
A review of soil sample holding times indicates that less than 1% of 
analyses were undertaken outside the recommended holding 
time. Holding time exceedances were predominantly for analysis 
of organic matter, which was added to the analytical suite during 
the field work program.  Samples were stored short term in sealed 
glass jars or zip lock bags. Samples stored long term were air dried 
at 40oC. Loss of organic carbon during sample storage is unlikely to 
have significantly influenced the quality of results.  
Comparability Limit of 
reporting 
(LOR) 
The LOR for all analytes were below the adopted criteria.  
Precision Analysis of soil 
for 
contamination 
- Field 
Duplicates 
A total of 34 field duplicates and 34 inter-laboratory duplicates 
(total of 68 samples) were collected. This equates to an analysis 
frequency of 10.6%, which complies with the specified collection 
rate of 10%. A summary of the RPD exceedances are presented in 
Table A1 and Table A2, atatched.   
A total conformance level of 88.5% and 92% was calculated for the 
comparability of primary field and inter-laboratory duplicate 
samples, respectively. Where different LORs were present, the 
difference was only assessed if the result was above the maximum 
LOR. Many of the non-conformances were due to results being 
close to the LOR, or at low concentrations. Thus while percentage 
differences may have exceeded the acceptable limit the absolute 
difference between duplicates was small.   
Within the field duplicate samples three samples reported a high 
level of non-conformances (BH243, BH248, BH249). The non-
conformances at these locations may be associated with sample 
heterogeneity and does not seem to be associated with laboratory 
technique, as the observed differences were present at both the 
primary and secondary laboratory.  
In addition, both primary and inter-laboratory duplicates for 
samples from BH277 and BH278 reported a high number of non-
conformances. Comparison of the primary and secondary 
duplicate samples with each other, indicated that the variability 
may be associated with a mix up of sample identification. The 
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DQO DQI Summary of Results 
consistency between the primary and duplicate samples is 
improved when primary samples BH278 and sample BH277 are 
swapped. Therefore, we consider it possible that the laboratory 
has confused analysis of these two samples. The COC, also shows 
that ALS changed their internal numbering code for these two 
samples.  Sample locations, BH277 and BH278 were both located 
within Greater Geelong n soils overlying the tertiary-Quaternary 
basalts. Based on metal/element concentrations both samples 
were considered representative of ambient background 
concentrations and therefore, both results were considered 
suitable for inclusion in the database, regardless of if their 
locations had been incorrectly recorded. 
The analytical methods which reported the highest number of 
non-conformances were analysis of TOC and percentage gravel. 
Variation in gravel results were predominantly associated with the 
low percentage of gravel present (i.e. a difference of 2% gravel 
and 5% gravel will result in a non-conformance). Both laboratories 
assessed total organic carbon using the Walkley Black method. The 
high variability in these results may be due to sample 
heterogeneity and/or laboratory technique.  
Internal 
Laboratory 
Duplicates 
A total of 665 internal laboratory duplicates were assessed, 
meeting a frequency objective of greater than 10%. 66 of the 4137 
internal duplicate analyses reported RPD greater than 30%. 
Indicating a level of precision of 98.6%.  
Accuracy  
 
Laboratory 
method Blanks 
All 2236 laboratory method blanks meet the DQO of no reported 
results above the LOR. 
Laboratory 
control spikes 
Of the 1915 laboratory control spikes assessed, a total of 34 were 
outside DQO, indicating an accuracy of 98.3%. Twenty seven of the 
34 non-conformances were for analysis of total petroleum 
hydrocarbons. Seven laboratory control spike non-conformances 
were for analysis of metals.  
Matrix Spikes Of the 1026 matrix spikes assessed, 5 results exceeded the DQO 
indicating an accuracy of 99.5%. Four of the 5 exceedances were 
for analysis of organic carbon. One matrix spike exceedance was 
reported for analysis of fluoride.  
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Based on the DQI it is considered that the overall quality control measures used to collect and assess 
soil samples was sufficient for the objectives of this research. 
Evaluation of Anomalous Results 
Principal components analysis identified 32 samples as outliers (Figure 2). Each outlier was reviewed 
and an individual explanation for each outlier is provided in (Table A3, attached).  
 
Figure 1 Outliers identified by multivariate analysis of key contaminants As, Cu, Co, Ni, Pb, Zn. Crossed 
circles indicate samples that were removed from the dataset, considered not representative of background. 
 Three outliers were attributed to point source contamination BH075, BH288 and BH257. In addition, 
four surface sample outliers (BH058, BH059, BH060 and BH065), that reported anomalous copper 
concentrations, were considered potentially contaminated by copper fungicides used during historical 
horticultural activities. Horticultural impacts, including copper contamination, can be broadly distributed at a 
local to even regional scale (Wightwick et al., 2013). However, broad contamination due to the use of 
pesticides during horticultural practices is not consistent with our definition of ambient background 
concentrations. Therefore, samples potentially impacted by copper fungicide use were excluded from the 
background soil dataset.  
The seven outlier samples that were considered not representative of background conditions were 
removed from further statistical analysis. To reduce uncertainty in the quality of the dataset, sub-surface soils 
at each of the seven locations were also excluded from the dataset.  
The other 25 surface soil samples identified as multivariate outliers were considered representative of 
ambient background concentrations (Table A3, attached). These samples included areas of low disturbance 
(such as native forest) that reported elevated nickel, likely associated with natural basalt derived soils 
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(Mikkonen et al., 2017) and soils which comprised elevated arsenic, likely associated with the ferruginous iron 
stones (van de Graaff, 2012).  2.2 Summary 
The background soil survey was undertaken in general accordance with current guidance for 
environmental assessment, as such methods were consistent with environmental assessment practices and 
comparable to methods used for the collection of samples from environmental assessment site, including 
environmental Audit sites. Based on the DQI it is considered that the overall quality control measures used to 
collect and assess soil samples was sufficient for the objectives of this research. 
Principal component analysis was a useful tool for identifying anomalous results, because it considered 
multivariate variation within the dataset. Many of the anomalous results were considered associated with 
natural processes or diffuse sources of contamination, consistent with the adopted definition of ambient 
background concentrations. Eight samples were identified as likely contaminated from point sources or 
intensive pesticide use and were excluded from the background Survey dataset.  
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Limit of Reporting 0.05 1 1 1 1 1 0.01 0.1 0.1 0.1 0.1 40 0.1 50 50 0.02 5 10 5 0.1 10 1
Monitoring_Zone Field_ID Sample_Depth_Range Sample_Type Location SampleCode
Whittlesea BH015/041214/0.0-0.1 0-0.1 Normal BH015 EM1413118013 2 17 <1 1 38 44 2.27 1.1 0.8 <0.1 <0.1 50 3.8 <50 220 4.7 23 3950 <5 <5 30 <1
Whittlesea BH015/DUP01/041214 0-0.1 Field_D BH015 EM1413118027 2.1 14 <1 <1 32 54 2.2 1.1 0.8 <0.1 <0.1 50 3.9 <50 160 1.2 13 3290 <5 <5 20 <1
% RPD* 4.9 19.4 <50 0.0 17.1 20.4 3.1 0.0 0.0 <50 <50 0.0 2.6 <50 31.6 118.6 55.6 18.2 <50 <50 40.0 <50
Nillumbik BH026/081214/0.0-0.05 0-0.05 Normal BH026 EM1413118036 4.8 27 <1 4 7 62 2.29 2.9 1.6 0.2 <0.1 260 4.4 60 250 4.4 14 11,000 <5 <5 130 <1
Nillumbik BH026/Dup01/081214 0-0.05 Field_D BH026 EM1413118038 5 27 <1 2 11 60 2.27 3.1 1.5 0.2 <0.1 280 4.4 50 230 4.1 13 10,100 6 <5 110 <1
% RPD* 4.1 0.0 <50 66.7 44.4 3.3 0.9 6.7 6.5 0.0 <50 7.4 0.0 18.2 8.3 7.1 7.4 8.5 18.2 <50 16.7 <50
Nillumbik BH027/081214/0.0-0.1 0-0.1 Normal BH027 EM1413118039 3.9 19 <1 5 12 64 2.32 2.4 1.1 0.3 <0.1 150 4.2 <50 320 5.6 13 6180 <5 <5 90 <1
Nillumbik BH027/Dup01/081214 0-0.1 Field_D BH027 EM1413118041 3.8 19 <1 1 12 68 2.37 2.1 1.2 0.3 <0.1 180 4.3 <50 250 6.4 12 5990 <5 <5 80 <1
% RPD* 2.6 0.0 <50 133.3 0.0 6.1 2.1 13.3 8.7 0.0 <50 18.2 2.4 <50 24.6 13.3 8.0 3.1 <50 <50 11.8 <50
Nillumbik BH038/101214/0.0-0.1 0-0.1 Normal BH038 EM1413372021 1.2 11 <1 33 10 46 2.04 0.4 0.5 0.3 <0.1 180 3.9 <50 100 2.8 21 6430 <5 <5 30 <1
Nillumbik BH038/101214/Dup01 0-0.1 Field_D BH038 EM1413372022 1.1 8 <1 45 9 38 2.11 0.3 0.5 0.2 <0.1 180 3.9 <50 120 2.8 15 6360 <5 <5 40 <1
% RPD* 8.7 31.6 <50 30.8 10.5 19.0 3.4 28.6 0.0 40.0 <50 0.0 0.0 <50 18.2 0.0 33.3 1.1 <50 <50 28.6 <50
Nillumbik BH049/121214/0.0-0.1 0-0.1 Normal BH049 EM1413443009 3.8 19 <1 16 14 51 1.55 0.4 0.7 0.4 <0.1 260 3.7 <50 130 3.6 12 5490 <5 <5 30 <1
Nillumbik BH049/121214/Dup01 0-0.1 Field_D BH049 EM1413443028 2 13 <1 25 17 45 1.78 0.6 0.9 0.4 <0.1 290 3.7 <50 150 3.6 9 6310 <5 5 30 <1
% RPD* 62.1 37.5 <50 43.9 19.4 12.5 13.8 40.0 25.0 0.0 <50 10.9 0.0 <50 14.3 0.0 28.6 13.9 <50 0.0 0.0 <50
Manningham BH054/1512/DUP01/0.0-0.1 0-0.1 Field_D BH054 EM1413443027 13.8 29 <1 2 15 54 1.68 6.1 6.6 0.6 0.2 380 4.7 170 440 6.9 35 11,300 <5 <5 200 1
Manningham BH054/151214/0.0-0.1 0-0.1 Normal BH054 EM1413443019 13.4 32 <1 1 15 52 1.71 5.9 6.5 0.6 0.2 340 4.8 170 420 7.4 32 11,200 <5 <5 190 1
% RPD* 2.9 9.8 <50 66.7 0.0 3.8 1.8 3.3 1.5 0.0 0.0 11.1 2.1 0.0 4.7 7.0 9.0 0.9 <50 <50 5.1 0.0
Monash BH062/171214/0.0-0.1 0-0.1 Normal BH062 EM1413661009 6.7 13 <1 1 16 70 1.69 3.2 2.8 0.5 <0.1 80 4.1 150 630 6.5 16 7060 <5 <5 40 <1
Monash BH062/DUP01/171214 0-0.1 Field_D BH062 EM1413661031 5.7 13 <1 1 14 72 1.53 2.7 2.4 0.4 <0.1 80 4.1 160 670 5.8 17 6690 <5 <5 40 <1
% RPD* 16.1 0.0 <50 0.0 13.3 2.8 9.9 16.9 15.4 22.2 <50 0.0 0.0 6.5 6.2 11.4 6.1 5.4 <50 <50 0.0 <50
Whittlesea BH082/221214/0.0-0.1 0-0.1 Normal BH082 EM1413759019 27.2 36 <1 1 14 49 1.39 17 9.5 0.5 <0.1 80 5 220 680 7.1 46 13,600 <5 <5 100 <1
Whittlesea BH082/Dup01/221214 0-0.1 Field_D BH082 EM1413759039 25.8 37 <1 2 19 42 1.62 15.9 9.2 0.5 <0.1 110 4.9 270 370 5.5 44 16,600 <5 <5 110 1
% RPD* 5.3 2.7 <50 66.7 30.3 15.4 15.3 6.7 3.2 0.0 <50 31.6 2.0 20.4 59.0 25.4 4.4 19.9 <50 <50 9.5 0.0
Whittlesea BH089/231214/0.0-0.1 0-0.1 Normal BH089 EM1413759033 3.7 15 <1 2 48 35 1.74 2.4 1 0.2 <0.1 100 4 110 230 3 17 4280 13 <5 20 <1
Whittlesea BH089/Dup01/231214 0-0.1 Field_D BH089 EM1413759040 3.2 17 <1 <1 48 35 2.01 1.8 1.2 <0.1 <0.1 80 3.8 100 250 3.2 18 4620 <5 <5 20 <1
% RPD* 14.5 12.5 <50 66.7 0.0 0.0 14.4 28.6 18.2 66.7 <50 22.2 5.1 9.5 8.3 6.5 5.7 7.6 88.9 <50 0.0 <50
Banyule BH101/060115/0.0-0.1 0-0.1 Normal BH101 EM1500074019 10 21 1 1 29 48 1.62 6.4 3 0.3 <0.1 90 4.4 100 560 6.7 17 4840 <5 <5 60 <1
Banyule BH101/060115/Dup01 0-0.1 Field_D BH101 EM1500074033 8.8 20 2 1 34 43 1.74 5.8 2.5 0.2 <0.1 110 4.4 100 520 7.5 16 4720 <5 <5 50 <1
% RPD* 12.8 4.9 66.7 0.0 15.9 11.0 7.1 9.8 18.2 40.0 <50 20.0 0.0 0.0 7.4 11.3 6.1 2.5 <50 <50 18.2 <50
Boroondara BH107/070115/0.0-0.1 0-0.1 Normal BH107 EM1500074031 17.6 13 24 7 28 28 1.9 10.5 6.3 0.4 <0.1 330 5.4 130 630 10.2 54 3790 28 12 70 <1
Boroondara BH107/061115/Dup01 0-0.1 Field_D BH107 EM1500074034 17.6 22 7 6 19 46 1.96 10.6 6.3 0.3 <0.1 330 5.4 120 600 10 49 3980 <5 12 60 <1
% RPD* 0.0 51.4 109.7 15.4 38.3 48.6 3.1 0.9 0.0 28.6 <50 0.0 0.0 8.0 4.9 2.0 9.7 4.9 139.4 0.0 15.4 <50
Mitchell BH202/230215/0.0-0.1 0-0.1 Normal BH202 EM1502090001 40.4 39 <1 1 21 39 2.32 12 27.1 1 0.4 70 6.4 380 630 4.7 8 17,200 <5 <5 70 <1
Mitchell BH202/Dup01/230215/0.0-0.1 0-0.1 Field_D BH202 EM1502091020  - 45 <1 1 8 46 2.29 12.2 27 1.1 0.3 80 6.3 380 570 7.5 8 17,800 <5 <5 100 <1
% RPD* 14.3 <50 0.0 89.7 16.5 1.3 1.7 0.4 9.5 28.6 13.3 1.6 0.0 10.0 45.9 0.0 3.4 <50 <50 35.3 <50
Mitchell BH223/230215/0.0-0.1 0-0.1 Normal BH223 EM1502090003 19.3 28 <1 <1 11 61 2.2 7.5 11.1 0.4 0.2 80 5.2 200 350 4.7 15 11,200 <5 5 60 <1
Mitchell BH223/Dup01/230215/0.0-0.1 0-0.1 Field_D BH223 EM1502091019 20.2 28 <1 18 2 52 2.13 7.8 11.8 0.3 0.3 100 5.2 230 380 4.5 14 13,100 <5 <5 60 <1
% RPD* 4.6 0.0 <50 178.9 138.5 15.9 3.2 3.9 6.1 28.6 40.0 22.2 0.0 14.0 8.2 4.3 6.9 15.6 <50 0.0 0.0 <50
Wyndham BH225/240215/0.0-0.1 0-0.1 Normal BH225 EM1502090007 24 51 <1 <1 12 37 2.27 8.5 10.3 2 3.1 140 5.4 940 310 3.8 15 30,900 6 <5 60 1
Wyndham BH225/240215/Dup01 0-0.1 Field_D BH225 EM1502091018 21.8 56 <1 <1 13 31 2.37 8.2 9.3 2 2.2 150 5.4 1000 310 4.9 14 32,700 <5 <5 60 1
% RPD* 9.6 9.3 <50 <50 8.0 17.6 4.3 3.6 10.2 0.0 34.0 6.9 0.0 6.2 0.0 25.3 6.9 5.7 18.2 <50 0.0 0.0
Greater Geelong BH227/240215/0.0-0.1 0-0.1 Normal BH227 EM1502090011 3.3 24 <1 10 47 19 1.77 1.9 1.1 0.2 <0.1 70 3.7 60 330 6.2 10 13,300 <5 8 20 <1
Greater Geelong BH227/Dup01/240215/0-0.1 0-0.1 Field_D BH227 EM1502091022 3.8 23 <1 8 50 19 2.04 2.2 1.3 0.2 <0.1 220 3.7 70 460 5.7 11 16,000 <5 10 20 <1
% RPD* 14.1 4.3 <50 22.2 6.2 0.0 14.2 14.6 16.7 0.0 <50 103.4 0.0 15.4 32.9 8.4 9.5 18.4 <50 22.2 0.0 <50
Greater Geelong BH228/240215/0.4-0.6 0.4-0.6 Normal BH228 EM1502090014 11.8 52 <1 <1 44 4 2.57 2.5 7.4 0.3 1.5 190 5.2 1000 180 1.6 8 30,600 <5 8 10 <1
Greater Geelong BH228/Dup/240215 0.4-0.6 Field_D BH228 EM1502090017 10.3 56 <1 <1 41 3 2.61 2.3 6.4 0.2 1.3 170 5.4 860 180 1.1 10 28,900 <5 10 10 <1
% RPD* 13.6 7.4 <50 <50 7.1 28.6 1.5 8.3 14.5 40.0 14.3 11.1 3.8 15.1 0.0 37.0 22.2 5.7 <50 22.2 0.0 <50
Greater Geelong BH229/240215/0.3-0.6 0.3-0.6 Normal BH229 12.6 61 <1 4 19 16 2.7 3.2 7.9 0.7 0.7 190 5.8 480 260 1 10 42,300 <5 11 10 1
Greater Geelong BH229/Dup01/240215/0.3-0.6 0.3-0.6 Field_D BH229 EM1502090021 12.7 62 <1 5 19 14 2.69 3.2 8 0.7 0.7 80 5.8 480 260 0.8 11 39,700 <5 10 10 1
% RPD* 0.8 1.6 <50 22.2 0.0 13.3 0.4 0.0 1.3 0.0 0.0 81.5 0.0 0.0 0.0 22.2 9.5 6.3 <50 9.5 0.0 0.0
Ballarat BH236/130715/0-0.1 0-0.1 Normal BH236 EM1512248001 9.2 25 <1 23 31 21 2.51 5.3 3 0.7 0.2 60 5 80 330 5.4 68 7540 5 6 50 <1
Ballarat BH236/Dup01/0.0-0.1 0-0.1 Field_D BH236 EM1512248077 9.7 21 <1 13 34 32 2.38 5.6 3.2 0.7 0.2 80 5.1 400 150 27.6 17 19,100 <5 9 60 1
% RPD* 5.3 17.4 <50 55.6 9.2 41.5 5.3 5.5 6.5 0.0 0.0 28.6 2.0 133.3 75.0 134.5 120.0 86.8 0.0 40.0 18.2 0.0
Ballarat BH243/130715/0-0.1 0-0.1 Normal BH243 EM1512248003 7 33 <1 19 10 38 2.11 3.5 2.6 0.4 0.5 70 4.3 130 320 3.7 21 11,300 <5 <5 70 <1
Ballarat BH243/Dup01/0.0-0.1 0-0.1 Field_D BH243 EM1512248078 7.3 30 <1 14 11 45 2.16 3.4 2.9 0.4 0.6 100 4.2 820 90 44.5 13 12,100 <5 7 100 <1
% RPD* 4.2 9.5 <50 30.3 9.5 16.9 2.3 2.9 10.9 0.0 18.2 35.3 2.4 145.3 112.2 169.3 47.1 6.8 <50 33.3 35.3 <50
Ballarat BH248/140715/0-0.1 0-0.1 Normal BH248 EM1512248013 11.5 33 <1 13 21 33 2.31 7.7 1.7 2 <0.1 <40 5 60 320 3.3 31 21,500 <5 6 310 1
Ballarat BH248/Dup01/0.0-0.1 0-0.1 Field_D BH248 EM1512248079 11.4 36 <1 4 15 45 2.33 7.5 1.7 2.1 <0.1 60 4.9 80 260 12.7 51 8480 <5 <5 40 <1
% RPD* 0.9 8.7 <50 105.9 33.3 30.8 0.9 2.6 0.0 4.9 <50 40.0 2.0 28.6 20.7 117.5 48.8 86.9 <50 18.2 154.3 0.0
Ballarat BH249/140715/0-0.1 0-0.1 Normal BH249 EM1512248015 9.4 21 <1 11 18 50 2.47 6.2 1.4 1.6 0.2 <40 4.6 60 400 1.9 18 16,900 <5 <5 270 1
Ballarat BH249/Dup01/0.0-0.1 0-0.1 Field_D BH249 EM1512248080 9.5 31 <1 12 13 44 2.25 6.2 1.4 1.6 0.2 90 4.6 210 450 3.9 23 24,100 <5 7 80 <1
Particle Size Analysis
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Monitoring_Zone Field_ID Sample_Depth_Range Sample_Type Location SampleCode
Particle Size Analysis
% RPD* 1.1 38.5 <50 8.7 32.3 12.8 9.3 0.0 0.0 0.0 0.0 76.9 0.0 111.1 11.8 69.0 24.4 35.1 <50 33.3 108.6 0.0
Ballarat BH257/150715/0-0.1 0-0.1 Normal BH257 EM1512248031 16.3 14 <1 8 47 31 2.03 11.8 3.5 0.8 0.2 60 5.7 90 600 1.4 148 6080 40 28 140 <1
Ballarat BH257/Dup01/0-0.1 0-0.1 Field_D BH257 EM1512248081 16.6 16 <1 4 46 34 2.29 11.8 3.7 1 0.2 60 5.7 80 560 39 129 5890 <5 27 110 <1
% RPD* 1.8 13.3 <50 66.7 2.2 9.2 12.0 0.0 5.6 22.2 0.0 0.0 0.0 11.8 6.9 186.1 13.7 3.2 155.6 3.6 24.0 <50
Ballarat BH258/150715/0-0.1 0-0.1 Normal BH258 EM1512248033 5.4 24 <1 33 13 30 2.54 2.6 2.5 0.2 0.2 230 4.7 70 190 1.4 18 15,500 <5 7 40 <1
Ballarat BH258/Dup01/0-0.1 0-0.1 Field_D BH258 EM1512248082 7.2 25 <1 30 12 33 2.59 3.4 3.3 0.2 0.2 90 4.7 80 190 35.8 25 18,300 <5 8 50 <1
% RPD* 28.6 4.1 <50 9.5 8.0 9.5 1.9 26.7 27.6 0.0 0.0 87.5 0.0 13.3 0.0 184.9 32.6 16.6 <50 13.3 22.2 <50
Ballarat BH260/150715/0-0.1 0-0.1 Normal BH260 EM1512248037 3.8 17 <1 31 17 35 2.28 2 1.3 0.2 0.3 250 4.2 60 270 5.8 19 8920 <5 9 30 <1
Ballarat BH260/Dup01/0.0-0.1 0-0.1 Field_D BH260 EM1512248089 3.8 21 <1 28 13 38 2.65 1.9 1.2 0.2 0.2 60 4 50 290 8.1 21 7490 <5 7 20 <1
% RPD* 0.0 21.1 <50 10.2 26.7 8.2 15.0 5.1 8.0 0.0 40.0 122.6 4.9 18.2 7.1 33.1 10.0 17.4 <50 25.0 40.0 <50
Ballarat BH266/160715/0-0.1 0-0.1 Normal BH266 EM1512248049 7.6 14 <1 4 52 30 2.55 5 2.3 0.2 0.1 <40 5.3 60 290 <0.5 28 11,400 <5 16 80 <1
Ballarat BH266/Dup01/0-0.1 0-0.1 Field_D BH266 EM1512248083 9.3 10 <1 5 51 34 2.48 5.8 2.8 0.6 0.1 <40 5.5 70 280 48 31 9400 <5 14 80 <1
% RPD* 20.1 33.3 <50 22.2 1.9 12.5 2.8 14.8 19.6 100.0 0.0 <50 3.7 15.4 3.5 195.9 10.2 19.2 <50 13.3 0.0 <50
Ballarat BH267/160715/0-0.1 0-0.1 Normal BH267 EM1512248051 5.4 17 <1 5 22 56 2.37 4.1 1 0.2 0.1 <40 4.4 <50 180 26 10 5690 <5 <5 40 <1
Ballarat BH267/Dup01/0-0.1 0-0.1 Field_D BH267 EM1512248084 5.4 20 <1 7 19 54 2.27 4 1.1 0.2 0.1 <40 4.5 <50 170 12.3 10 4470 <5 <5 30 <1
% RPD* 0.0 16.2 <50 33.3 14.6 3.6 4.3 2.5 9.5 0.0 0.0 <50 2.2 <50 5.7 71.5 0.0 24.0 <50 <50 28.6 <50
Ballarat BH275/170715/0-0.1 0-0.1 Normal BH275 EM1512248067 14.6 17 <1 6 16 61 2.12 9 4.4 1.1 0.2 <40 4.9 120 570 7.5 7 31,700 <5 <5 260 2
Ballarat BH275/Dup01/0.0-0.1 0-0.1 Field_D BH275 EM1512248085 19.6 30 <1 6 21 43 2.28 11.7 6 1.7 0.2 <40 4.8 120 520 8.1 8 29,100 <5 5 260 2
% RPD* 29.2 55.3 <50 0.0 27.0 34.6 7.3 26.1 30.8 42.9 0.0 <50 2.1 0.0 9.2 7.7 13.3 8.6 <50 0.0 0.0 0.0
Ballarat BH276/170715/0-0.1 0-0.1 Normal BH276 EM1512248069 37.2 22 <1 13 24 41 2.13 21.5 12.9 2.2 0.6 100 5.2 370 760 12.1 11 47,100 <5 10 520 2
Ballarat BH276/Dup01/0.0-0.1 0-0.1 Field_D BH276 EM1512248086 38.7 26 <1 6 28 40 2.02 22.4 13.6 2.2 0.6 70 5.2 220 540 60.5 8 31,100 <5 9 380 1
% RPD* 4.0 16.7 <50 73.7 15.4 2.5 5.3 4.1 5.3 0.0 0.0 35.3 0.0 50.8 33.8 133.3 31.6 40.9 <50 10.5 31.1 66.7
Greater Geelong BH277/170715/0-0.1 0-0.1 Normal BH277 EM1512248071 4 18 <1 2 60 20 2.52 2.1 1.3 0.4 0.2 100 4.6 440 190 22.1 <5 40,300 6 <5 380 2
Greater Geelong BH277/Dup01/0.0-0.1 0-0.1 Field_D BH277 EM1512248087 4.6 17 <1 2 62 19 2.39 2.5 1.5 0.4 0.2 70 4.8 70 160 7.3 10 6150 <5 5 30 <1
% RPD* 14.0 5.7 <50 0.0 3.3 5.1 5.3 17.4 14.3 0.0 0.0 35.3 4.3 145.1 17.1 100.7 66.7 147.0 18.2 0.0 170.7 66.7
Greater Geelong BH278/170715/0-0.1 0-0.1 Normal BH278 EM1512248073 24.5 44 <1 11 17 28 2.45 16.9 5.3 2 0.3 190 5.9 80 240 39.7 12 7240 <5 5 30 <1
Greater Geelong BH278/Dup01/0.0-0.1 0-0.1 Field_D BH278 EM1512248088 29.4 51 <1 2 18 29 2.65 20.2 6.3 2.5 0.3 130 5.9 120 340 13 11 24,500 <5 <5 180 1
% RPD* 18.2 14.7 <50 138.5 5.7 3.5 7.8 17.8 17.2 22.2 0.0 37.5 0.0 40.0 34.5 101.3 8.7 108.8 <50 0.0 142.9 0.0
Mitchell BH290/300715/0.0-0.1 0-0.1 Normal BH290 EM1512717021 9.4 31 <1 16 9 44 2.47 5.9 3.1 0.2 0.3 80 4.7 80 480 6.3 16 15,600 <5 <5 100 <1
Mitchell BH290/300715/Dup01 0-0.1 Field_D BH290 EM1512717023 9.2 30 <1 11 12 47 2.4 5.7 3 0.1 0.3 120 4.8 90 490 5.8 15 17,300 <5 <5 110 <1
% RPD* 2.2 3.3 <50 37.0 28.6 6.6 2.9 3.4 3.3 66.7 0.0 40.0 2.1 11.8 2.1 8.3 6.5 10.3 <50 <50 9.5 <50
Mitchell BH291/300715/0.0-0.1 0-0.1 Normal BH291 EM1512717024 6.4 25 <1 11 18 46 2.59 4 1.5 0.7 0.2 <40 4.3 60 310 3.8 12 18,600 <5 <5 100 <1
Mitchell BH291/300715/Dup01 0-0.1 Field_D BH291 EM1512717032 6.6 24 <1 9 21 46 2.53 4.1 1.5 0.9 0.2 <40 4.3 50 330 3.2 11 18,700 6 <5 100 <1
% RPD* 3.1 4.1 <50 20.0 15.4 0.0 2.3 2.5 0.0 25.0 0.0 <50 0.0 18.2 6.3 17.1 8.7 0.5 18.2 <50 0.0 <50
Frankston BH296/040815/0.0-0.1 0-0.1 Normal BH296 EM1512933003 3.2 6 <1 2 78 14 2.45 1.8 1.1 0.1 0.2 <40 4 80 210 1.8 11 1540 <5 <5 10 <1
Frankston BH296/040815/Dup01 0-0.1 Field_D BH296 EM1512933024 4.1  -  -  -  -  -  - 2.4 1.3 0.2 0.2 <40 4 <50 280  - 9 1680 <5 <5 10 <1
% RPD* 24.7 28.6 16.7 66.7 0.0 <50 0.0 46.2 28.6 20.0 8.7 <50 <50 0.0 <50
Mitchell BH305/050815/0.3-0.6 0.3-0.6 Normal BH305 EM1512933022 22.3 48 <1 8 12 32 2.82 7 13.8 0.2 1.2 280 5.5 320 140 <0.5 6 30,400 <5 <5 230 2
Mitchell BH305/050815/Dup01 0.3-0.6 Field_D BH305 EM1512933023 15.4  -  -  -  -  -  - 8 6.6 0.5 0.4 160 5.1 310 460  - 10 13,700 <5 <5 310 2
% RPD* 36.6 13.3 70.6 85.7 100.0 54.5 7.5 3.2 106.7 50.0 75.7 <50 <50 29.6 0.0
Notes:
RPD= Relative Percentage Difference
X Exceedance of > 50%
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Monitoring_Zone Field_ID Sample_Depth_Range Sample_Type Location SampleCode
Whittlesea BH015/041214/0.0-0.1 0-0.1 Normal BH015 EM1413118013
Whittlesea BH015/DUP01/041214 0-0.1 Field_D BH015 EM1413118027
% RPD*
Nillumbik BH026/081214/0.0-0.05 0-0.05 Normal BH026 EM1413118036
Nillumbik BH026/Dup01/081214 0-0.05 Field_D BH026 EM1413118038
% RPD*
Nillumbik BH027/081214/0.0-0.1 0-0.1 Normal BH027 EM1413118039
Nillumbik BH027/Dup01/081214 0-0.1 Field_D BH027 EM1413118041
% RPD*
Nillumbik BH038/101214/0.0-0.1 0-0.1 Normal BH038 EM1413372021
Nillumbik BH038/101214/Dup01 0-0.1 Field_D BH038 EM1413372022
% RPD*
Nillumbik BH049/121214/0.0-0.1 0-0.1 Normal BH049 EM1413443009
Nillumbik BH049/121214/Dup01 0-0.1 Field_D BH049 EM1413443028
% RPD*
Manningham BH054/1512/DUP01/0.0-0.1 0-0.1 Field_D BH054 EM1413443027
Manningham BH054/151214/0.0-0.1 0-0.1 Normal BH054 EM1413443019
% RPD*
Monash BH062/171214/0.0-0.1 0-0.1 Normal BH062 EM1413661009
Monash BH062/DUP01/171214 0-0.1 Field_D BH062 EM1413661031
% RPD*
Whittlesea BH082/221214/0.0-0.1 0-0.1 Normal BH082 EM1413759019
Whittlesea BH082/Dup01/221214 0-0.1 Field_D BH082 EM1413759039
% RPD*
Whittlesea BH089/231214/0.0-0.1 0-0.1 Normal BH089 EM1413759033
Whittlesea BH089/Dup01/231214 0-0.1 Field_D BH089 EM1413759040
% RPD*
Banyule BH101/060115/0.0-0.1 0-0.1 Normal BH101 EM1500074019
Banyule BH101/060115/Dup01 0-0.1 Field_D BH101 EM1500074033
% RPD*
Boroondara BH107/070115/0.0-0.1 0-0.1 Normal BH107 EM1500074031
Boroondara BH107/061115/Dup01 0-0.1 Field_D BH107 EM1500074034
% RPD*
Mitchell BH202/230215/0.0-0.1 0-0.1 Normal BH202 EM1502090001
Mitchell BH202/Dup01/230215/0.0-0.1 0-0.1 Field_D BH202 EM1502091020
% RPD*
Mitchell BH223/230215/0.0-0.1 0-0.1 Normal BH223 EM1502090003
Mitchell BH223/Dup01/230215/0.0-0.1 0-0.1 Field_D BH223 EM1502091019
% RPD*
Wyndham BH225/240215/0.0-0.1 0-0.1 Normal BH225 EM1502090007
Wyndham BH225/240215/Dup01 0-0.1 Field_D BH225 EM1502091018
% RPD*
Greater Geelong BH227/240215/0.0-0.1 0-0.1 Normal BH227 EM1502090011
Greater Geelong BH227/Dup01/240215/0-0.1 0-0.1 Field_D BH227 EM1502091022
% RPD*
Greater Geelong BH228/240215/0.4-0.6 0.4-0.6 Normal BH228 EM1502090014
Greater Geelong BH228/Dup/240215 0.4-0.6 Field_D BH228 EM1502090017
% RPD*
Greater Geelong BH229/240215/0.3-0.6 0.3-0.6 Normal BH229
Greater Geelong BH229/Dup01/240215/0.3-0.6 0.3-0.6 Field_D BH229 EM1502090021
% RPD*
Ballarat BH236/130715/0-0.1 0-0.1 Normal BH236 EM1512248001
Ballarat BH236/Dup01/0.0-0.1 0-0.1 Field_D BH236 EM1512248077
% RPD*
Ballarat BH243/130715/0-0.1 0-0.1 Normal BH243 EM1512248003
Ballarat BH243/Dup01/0.0-0.1 0-0.1 Field_D BH243 EM1512248078
% RPD*
Ballarat BH248/140715/0-0.1 0-0.1 Normal BH248 EM1512248013
Ballarat BH248/Dup01/0.0-0.1 0-0.1 Field_D BH248 EM1512248079
% RPD*
Ballarat BH249/140715/0-0.1 0-0.1 Normal BH249 EM1512248015
Ballarat BH249/Dup01/0.0-0.1 0-0.1 Field_D BH249 EM1512248080
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10 0.1 50 2 2 5 5 50 5 0.1 2 2 50 50 2 2 2 5 5 10 5 5
<50 <1 330 6 <2 <5 4580 360 11 <0.1 <2 2 120 340 <5 <2 3 <5 <5 60 17 12
<50 <1 290 5 <2 <5 3220 300 8 <0.1 <2 <2 90 280 <5 <2 2 <5 <5 50 10 9
<50 <50 12.9 18.2 <50 <50 34.9 18.2 31.6 <50 <50 0.0 28.6 19.4 <50 <50 40.0 <50 <50 18.2 51.9 28.6
<50 <1 780 20 10 11 20,900 1860 506 <0.1 <2 16 320 1060 <5 <2 11 <5 <5 40 20 28
<50 <1 720 21 9 14 24,900 1660 400 <0.1 <2 18 340 980 <5 <2 9 <5 <5 40 20 31
<50 <50 8.0 4.9 10.5 24.0 17.5 11.4 23.4 <50 <50 11.8 6.1 7.8 <50 <50 20.0 <50 <50 0.0 0.0 10.2
<50 <1 710 10 8 <5 9510 580 428 <0.1 <2 6 300 870 <5 <2 8 <5 <5 40 14 21
<50 <1 520 9 7 <5 8120 520 309 <0.1 <2 6 260 830 <5 <2 6 <5 <5 40 13 19
<50 <50 30.9 10.5 13.3 <50 15.8 10.9 32.3 <50 <50 0.0 14.3 4.7 <50 <50 28.6 <50 <50 0.0 7.4 10.0
<50 <1 100 22 <2 <5 35,300 510 23 <0.1 <2 10 110 820 <5 <2 <2 <5 <5 90 41 24
<50 <1 160 12 <2 <5 13,700 440 22 <0.1 <2 6 90 910 <5 <2 4 <5 <5 30 18 18
<50 <50 46.2 58.8 <50 <50 88.2 14.7 4.4 <50 <50 50.0 20.0 10.4 <50 <50 66.7 <50 <50 100.0 78.0 28.6
<50 <1 100 18 <2 <5 26,500 320 15 <0.1 <2 4 110 840 <5 <2 2 <5 <5 40 18 11
<50 <1 130 13 <2 6 17,400 330 15 <0.1 <2 3 90 790 <5 <2 3 <5 <5 30 15 12
<50 <50 26.1 32.3 <50 18.2 41.5 3.1 0.0 <50 <50 28.6 20.0 6.1 <50 <50 40.0 <50 <50 28.6 18.2 8.7
<50 <1 1860 20 20 12 23,600 2860 2690 <0.1 <2 28 330 1610 <5 <2 39 <5 <5 50 18 53
<50 <1 1780 17 18 12 20,400 2700 2480 <0.1 <2 26 320 1560 <5 <2 37 <5 <5 50 17 50
<50 <50 4.4 16.2 10.5 0.0 14.5 5.8 8.1 <50 <50 7.4 3.1 3.2 <50 <50 5.3 <50 <50 0.0 5.7 5.8
<50 <1 950 15 <2 <5 7600 650 33 <0.1 <2 3 350 700 <5 <2 11 <5 <5 40 31 13
<50 <1 930 17 <2 <5 8970 640 38 <0.1 <2 3 380 760 <5 <2 10 <5 <5 40 33 13
<50 <50 2.1 12.5 <50 <50 16.5 1.6 14.1 <50 <50 0.0 8.2 8.2 <50 <50 9.5 <50 <50 0.0 6.3 0.0
<50 <1 5640 45 22 16 28,800 2860 730 <0.1 <2 28 440 960 <5 <2 57 <5 <5 280 62 125
<50 <1 5080 59 31 17 29,800 2660 631 <0.1 <2 32 320 800 <5 <2 60 <5 <5 370 84 86
<50 <50 10.4 26.9 34.0 6.1 3.4 7.2 14.5 <50 <50 13.3 31.6 18.2 <50 <50 5.1 <50 <50 27.7 30.1 37.0
<50 <1 690 7 <2 <5 3660 290 21 <0.1 <2 2 80 300 <5 <2 9 <5 <5 40 18 8
<50 <1 750 8 <2 <5 3750 300 22 <0.1 <2 2 90 320 <5 <2 10 <5 <5 40 21 8
<50 <50 8.3 13.3 <50 <50 2.4 3.4 4.7 <50 <50 0.0 11.8 6.5 <50 <50 10.5 <50 <50 0.0 15.4 0.0
<50 <1 1630 8 2 6 5330 630 101 <0.1 <2 3 360 500 <5 <2 16 <5 <5 40 15 24
<50 <1 1500 7 2 5 5890 600 110 <0.1 <2 3 340 490 <5 <2 14 <5 <5 40 17 23
<50 <50 8.3 13.3 0.0 18.2 10.0 4.9 8.5 <50 <50 0.0 5.7 2.0 <50 <50 13.3 <50 <50 0.0 12.5 4.3
<50 <1 3790 14 4 18 13,900 1410 217 0.2 <2 11 420 800 <5 <2 28 <5 <5 40 17 70
<50 <1 3830 15 4 18 14,100 1450 209 0.2 <2 12 370 850 <5 <2 27 <5 <5 40 17 68
<50 <50 1.0 6.9 0.0 0.0 1.4 2.8 3.8 0.0 <50 8.7 12.7 6.1 <50 <50 3.6 <50 <50 0.0 0.0 2.9
<50 <1 4740 70 21 20 30,400 6630 252 <0.1 <2 40 540 1670 <5 <2 42 <5 <5 250 51 35
<50 <1 4880 75 26 21 34,600 6640 290 <0.1 <2 47 610 1740 <5 <2 43 <5 <5 270 72 36
<50 <50 2.9 6.9 21.3 4.9 12.9 0.2 14.0 <50 <50 16.1 12.2 4.1 <50 <50 2.4 <50 <50 7.7 34.1 2.8
<50 <1 2060 34 8 9 27,600 2250 109 <0.1 <2 12 280 680 <5 <2 26 <5 <5 150 126 18
<50 <1 2330 30 8 10 19,300 2560 105 <0.1 <2 14 310 790 <5 <2 28 <5 <5 90 50 20
<50 <50 12.3 12.5 0.0 10.5 35.4 12.9 3.7 <50 <50 15.4 10.2 15.0 <50 <50 7.4 <50 <50 50.0 86.4 10.5
<50 <1 1970 59 18 18 34,000 3400 554 <0.1 <2 28 500 5640 <5 <2 24 <5 <5 120 74 24
<50 <1 2040 60 18 18 34,400 3680 519 <0.1 <2 30 450 6180 <5 <2 24 <5 <5 120 70 24
<50 <50 3.5 1.7 0.0 0.0 1.2 7.9 6.5 <50 <50 6.9 10.5 9.1 <50 <50 0.0 <50 <50 0.0 5.6 0.0
<50 <1 630 39 <2 <5 37,900 370 38 <0.1 <2 5 90 460 <5 <2 10 <5 <5 110 70 <5
<50 <1 880 36 2 <5 35,400 460 49 <0.1 <2 6 120 590 <5 <2 14 <5 <5 110 80 <5
<50 <50 33.1 8.0 0.0 <50 6.8 21.7 25.3 <50 <50 18.2 28.6 24.8 <50 <50 33.3 <50 <50 0.0 13.3 <50
<50 <1 610 50 3 <5 35,900 1550 10 <0.1 <2 10 <50 960 <5 <2 13 <5 <5 60 85 <5
<50 <1 610 45 3 <5 36,700 1420 11 <0.1 <2 10 <50 880 <5 <2 13 <5 <5 70 94 <5
<50 <50 0.0 10.5 0.0 <50 2.2 8.8 9.5 <50 <50 0.0 <50 8.7 <50 <50 0.0 <50 <50 15.4 10.1 <50
<50 <1 680 76 7 <5 59,800 1380 12 <0.1 <2 14 <50 1000 <5 <2 17 <5 <5 90 122 <5
<50 <1 730 67 7 <5 57,600 1380 12 <0.1 <2 13 <50 980 <5 <2 17 <5 <5 100 122 <5
<50 <50 7.1 12.6 0.0 <50 3.7 0.0 0.0 <50 <50 7.4 <50 2.0 <50 <50 0.0 <50 <50 10.5 0.0 <50
<50 <1 1690 23 4 10 15,600 890 343 <0.1 <2 6 300 790 <5 <2 16 <5 <5 70 38 130
<50 <1 890 34 10 16 29,400 2680 126 <0.1 <2 23 220 2480 <5 <2 14 <5 <5 200 45 82
<50 <50 62.0 38.6 85.7 46.2 61.3 100.3 92.5 <50 <50 117.2 30.8 103.4 <50 <50 13.3 <50 <50 96.3 16.9 45.3
<50 <1 790 48 18 8 29,900 700 984 <0.1 <2 6 300 880 <5 <2 11 <5 <5 70 71 9
<50 <1 550 24 12 13 23,500 2520 135 <0.1 <2 20 130 1580 <5 <2 14 <5 <5 150 33 23
<50 <50 35.8 66.7 40.0 47.6 24.0 113.0 151.7 <50 <50 107.7 79.1 56.9 <50 <50 24.0 <50 <50 72.7 73.1 87.5
<50 <1 2300 73 34 22 66,700 800 2710 <0.1 <2 21 630 2070 <5 <2 40 <5 <5 1300 88 40
<50 <1 1320 17 4 8 12,100 980 279 <0.1 <2 6 230 840 <5 <2 14 <5 <5 70 25 98
<50 <50 54.1 124.4 157.9 93.3 138.6 20.2 162.7 <50 <50 111.1 93.0 84.5 <50 <50 96.3 <50 <50 179.6 111.5 84.1
<50 <1 1810 70 36 28 59,600 680 2560 <0.1 <2 22 670 1760 <5 <2 29 <5 <5 840 80 33
<50 <1 990 55 15 14 41,300 1230 786 <0.1 <2 12 360 1680 <5 <2 18 <5 <5 100 100 14
Metals/elements
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% RPD*
Ballarat BH257/150715/0-0.1 0-0.1 Normal BH257 EM1512248031
Ballarat BH257/Dup01/0-0.1 0-0.1 Field_D BH257 EM1512248081
% RPD*
Ballarat BH258/150715/0-0.1 0-0.1 Normal BH258 EM1512248033
Ballarat BH258/Dup01/0-0.1 0-0.1 Field_D BH258 EM1512248082
% RPD*
Ballarat BH260/150715/0-0.1 0-0.1 Normal BH260 EM1512248037
Ballarat BH260/Dup01/0.0-0.1 0-0.1 Field_D BH260 EM1512248089
% RPD*
Ballarat BH266/160715/0-0.1 0-0.1 Normal BH266 EM1512248049
Ballarat BH266/Dup01/0-0.1 0-0.1 Field_D BH266 EM1512248083
% RPD*
Ballarat BH267/160715/0-0.1 0-0.1 Normal BH267 EM1512248051
Ballarat BH267/Dup01/0-0.1 0-0.1 Field_D BH267 EM1512248084
% RPD*
Ballarat BH275/170715/0-0.1 0-0.1 Normal BH275 EM1512248067
Ballarat BH275/Dup01/0.0-0.1 0-0.1 Field_D BH275 EM1512248085
% RPD*
Ballarat BH276/170715/0-0.1 0-0.1 Normal BH276 EM1512248069
Ballarat BH276/Dup01/0.0-0.1 0-0.1 Field_D BH276 EM1512248086
% RPD*
Greater Geelong BH277/170715/0-0.1 0-0.1 Normal BH277 EM1512248071
Greater Geelong BH277/Dup01/0.0-0.1 0-0.1 Field_D BH277 EM1512248087
% RPD*
Greater Geelong BH278/170715/0-0.1 0-0.1 Normal BH278 EM1512248073
Greater Geelong BH278/Dup01/0.0-0.1 0-0.1 Field_D BH278 EM1512248088
% RPD*
Mitchell BH290/300715/0.0-0.1 0-0.1 Normal BH290 EM1512717021
Mitchell BH290/300715/Dup01 0-0.1 Field_D BH290 EM1512717023
% RPD*
Mitchell BH291/300715/0.0-0.1 0-0.1 Normal BH291 EM1512717024
Mitchell BH291/300715/Dup01 0-0.1 Field_D BH291 EM1512717032
% RPD*
Frankston BH296/040815/0.0-0.1 0-0.1 Normal BH296 EM1512933003
Frankston BH296/040815/Dup01 0-0.1 Field_D BH296 EM1512933024
% RPD*
Mitchell BH305/050815/0.3-0.6 0.3-0.6 Normal BH305 EM1512933022
Mitchell BH305/050815/Dup01 0.3-0.6 Field_D BH305 EM1512933023
% RPD*
Notes:
RPD= Relative Percentage Difference
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mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
10 0.1 50 2 2 5 5 50 5 0.1 2 2 50 50 2 2 2 5 5 10 5 5
Metals/elements
<50 <50 58.6 24.0 82.4 66.7 36.3 57.6 106.0 <50 <50 58.8 60.2 4.7 <50 <50 46.8 <50 <50 157.4 22.2 80.9
<50 <1 6780 25 6 25 25,800 1440 376 0.1 2 14 1130 850 <5 <2 76 <5 14 100 30 225
<50 <1 4790 28 5 21 27,800 1390 316 0.1 <2 13 1000 830 <5 <2 50 <5 7 120 29 179
<50 <50 34.4 11.3 18.2 17.4 7.5 3.5 17.3 0.0 0.0 7.4 12.2 2.4 <50 <50 41.3 <50 66.7 18.2 3.4 22.8
<50 <1 700 118 6 5 81,800 640 116 <0.1 <2 12 200 410 <5 <2 9 <5 <5 190 172 6
<50 <1 810 135 7 6 107,000 780 160 <0.1 <2 14 210 470 <5 <2 11 <5 <5 200 195 6
<50 <50 14.6 13.4 15.4 18.2 26.7 19.7 31.9 <50 <50 15.4 4.9 13.6 <50 <50 20.0 <50 <50 5.1 12.5 0.0
<50 <1 420 205 4 <5 110,000 340 71 <0.1 <2 9 290 210 <5 <2 6 <5 <5 330 172 <5
<50 <1 320 167 4 <5 111,000 370 56 <0.1 <2 7 280 190 <5 <2 7 <5 <5 260 149 <5
<50 <50 27.0 20.4 0.0 <50 0.9 8.5 23.6 <50 <50 25.0 3.5 10.0 <50 <50 15.4 <50 <50 23.7 14.3 <50
<50 <1 1760 44 12 <5 35,500 1120 466 <0.1 <2 22 420 530 <5 <2 19 <5 <5 3590 62 71
<50 <1 1870 42 13 <5 28,400 1230 469 <0.1 <2 19 450 640 <5 <2 20 <5 <5 3860 59 53
<50 <50 6.1 4.7 8.0 <50 22.2 9.4 0.6 <50 <50 14.6 6.9 18.8 <50 <50 5.1 <50 <50 7.2 5.0 29.0
<50 <1 1020 12 <2 <5 9480 400 182 <0.1 <2 5 130 320 <5 <2 9 <5 <5 420 20 14
<50 <1 1000 10 <2 <5 12,600 300 187 <0.1 <2 3 110 260 <5 <2 8 <5 <5 170 18 14
<50 <50 2.0 18.2 <50 <50 28.3 28.6 2.7 <50 <50 50.0 16.7 20.7 <50 <50 11.8 <50 <50 84.7 10.5 0.0
<50 <1 3630 123 72 15 103,000 10,100 1510 <0.1 <2 179 1240 1470 <5 <2 63 <5 <5 9680 116 106
<50 <1 3280 121 78 13 105,000 12,700 1580 <0.1 <2 188 1260 1460 <5 <2 59 <5 <5 8640 112 110
<50 <50 10.1 1.6 8.0 14.3 1.9 22.8 4.5 <50 <50 4.9 1.6 0.7 <50 <50 6.6 <50 <50 11.4 3.5 3.7
<50 <1 8130 60 41 25 68,700 13,100 1600 0.1 <2 113 4490 2310 <5 <2 345 <5 <5 6520 63 108
<50 <1 5710 35 29 19 46,600 10,300 1180 <0.1 <2 80 3230 1560 <5 <2 247 <5 <5 4130 37 75
<50 <50 35.0 52.6 34.3 27.3 38.3 23.9 30.2 0.0 <50 34.2 32.6 38.8 <50 <50 33.1 <50 <50 44.9 52.0 36.1
<50 <1 4330 53 38 21 14,200 15,500 1140 <0.1 <2 119 2980 1540 <5 <2 153 <5 <5 110 60 88
<50 <1 620 14 3 <5 14,700 940 82 <0.1 <2 8 190 950 <5 <2 7 <5 <5 110 23 15
<50 <50 149.9 116.4 170.7 123.1 3.5 177.1 173.2 <50 <50 174.8 176.0 47.4 <50 <50 182.5 <50 <50 0.0 89.2 141.7
<50 <1 710 14 3 <5 14,600 870 106 <0.1 <2 8 240 1100 <5 <2 9 <5 <5 130 26 17
<50 <1 5110 63 18 18 33,900 3570 583 <0.1 <2 41 300 4190 <5 <2 29 <5 <5 280 66 24
<50 <50 151.2 127.3 142.9 113.0 79.6 121.6 138.5 <50 <50 134.7 22.2 116.8 <50 <50 105.3 <50 <50 73.2 87.0 34.1
<50 <1 1620 84 7 9 53,600 810 190 <0.1 <2 16 460 300 <5 <2 14 <5 <5 320 91 20
<50 <1 1680 66 8 10 43,600 950 179 <0.1 <2 18 460 330 <5 <2 16 <5 <5 270 79 22
<50 <50 3.6 24.0 13.3 10.5 20.6 15.9 6.0 <50 <50 11.8 0.0 9.5 <50 <50 13.3 <50 <50 16.9 14.1 9.5
<50 <1 940 277 24 10 100,000 1210 455 <0.1 <2 47 420 750 <5 <2 11 <5 <5 1190 106 40
<50 <1 960 265 25 11 93,700 1450 498 <0.1 <2 46 440 780 <5 <2 12 <5 <5 1160 104 40
<50 <50 2.1 4.4 4.1 9.5 6.5 18.0 9.0 <50 <50 2.2 4.7 3.9 <50 <50 8.7 <50 <50 2.6 1.9 0.0
<50 <1 550 3 <2 <5 1740 220 20 <0.1 <2 <2 110 150 <5 <2 5 <5 <5 40 6 6
<50 <1 780 3 <2 <5 1850 290 44 <0.1 <2 <2 140 180 <5 <2 7 <5 <5 50 6 7
<50 <50 34.6 0.0 <50 <50 6.1 27.5 75.0 <50 <50 <50 24.0 18.2 <50 <50 33.3 <50 <50 22.2 0.0 15.4
<50 <1 1700 228 28 35 96,400 2680 49 <0.1 <2 66 260 610 <5 <2 48 <5 <5 940 191 30
<50 <1 2610 137 22 24 50,700 2200 284 <0.1 <2 40 760 650 <5 <2 56 <5 <5 1160 99 33
<50 <50 42.2 49.9 24.0 37.3 62.1 19.7 141.1 <50 <50 49.1 98.0 6.3 <50 <50 15.4 <50 <50 21.0 63.4 9.5
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meq/100g mg/kg pH_Units % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Limit of Reporting 0.05 40 0.1 0.02 5 10 0.1 10 1 10 0.1 2 2 5 5 5 0.1 2 2 2 5 5
Monitoring_Zone Field_ID Sample_DepthSample_Type Location SampleCode
Whittlesea BH015/041214/0.0-0.1 0-0.1 Normal BH015 EM1413118013 2 50 3.8 4.7 23 3950 <5 30 <1 <50 <1 6 <2 <5 4580 11 <0.1 <2 2 <5 <5 12
Whittlesea BH015/DUP02/041214 Interlab_D BH015 M14-De16910 2 <100 4.8 4.3 25 3800 <2 25 <2 27 <0.4 5.6 <5 <5 3800 16 <0.1 <10 <5 <2 <10 10
% RPD* 0.0 66.7 23.3 8.9 8.3 3.9 <50 18.2 <50 59.7 <50 6.9 <50 <50 18.6 37.0 <50 <50 85.7 <50 <50 18.2
Nillumbik BH026/081214/0.0-0.05 0-0.05 Normal BH026 EM1413118036 4.8 260 4.4 4.4 14 11,000 <5 130 <1 <50 <1 20 10 11 20,900 506 <0.1 <2 16 <5 <5 28
Nillumbik BH026/DUP02/081214 Interlab_D BH026 M14-De16911 3.3 550 5.4 7.1 11 13,000 4.2 110 <2 17 <0.4 18 7.9 8.9 26,000 530 <0.1 <10 12 <2 <10 24
% RPD* 37.0 71.6 20.4 47.0 24.0 16.7 17.4 16.7 <50 98.5 <50 10.5 23.5 21.1 21.7 4.6 <50 <50 28.6 <50 <50 15.4
Nillumbik BH027/081214/0.0-0.1 0-0.1 Normal BH027 EM1413118039 3.9 150 4.2 5.6 13 6180 <5 90 <1 <50 <1 10 8 <5 9510 428 <0.1 <2 6 <5 <5 21
Nillumbik BH027/DUP02/081214 Interlab_D BH027 M14-De16912 3.7 200 5.2 6.9 11 8400 4.3 81 <2 11 <0.4 9.4 7.8 <5 9500 470 <0.1 <10 6.2 <2 <10 20
% RPD* 5.3 28.6 21.3 20.8 16.7 30.5 15.1 10.5 <50 127.9 <50 6.2 2.5 <50 0.1 9.4 <50 <50 3.3 <50 <50 4.9
Nillumbik BH038/101214/0.0-0.1 0-0.1 Normal BH038 EM1413372021 1.2 180 3.9 2.8 21 6430 <5 30 <1 <50 <1 22 <2 <5 35,300 23 <0.1 <2 10 <5 <5 24
Nillumbik BH038/DUP02/101214 Interlab_D BH038 M14-De16913 1.8 240 4.9 5.7 17 8200 6.6 41 <2 11 <0.4 22 <5 <5 34,000 40 0.2 <10 6.4 <2 <10 18
% RPD* 40.0 28.6 22.7 68.2 21.1 24.2 27.6 31.0 <50 127.9 <50 0.0 <50 <50 3.8 54.0 66.7 <50 43.9 <50 <50 28.6
Nillumbik BH049/121214/0.0-0.1 0-0.1 Normal BH049 EM1413443009 3.8 260 3.7 3.6 12 5490 <5 30 <1 <50 <1 18 <2 <5 26,500 15 <0.1 <2 4 <5 <5 11
Nillumbik BH049/DUP02/121214 Interlab_D BH049 M14-De16914 1.5 270 5.2 7 11 7000 6.4 40 <2 12 <0.4 16 <5 <5 18,000 18 <0.1 <10 <5 <2 <10 14
% RPD* 86.8 3.8 33.7 64.2 8.7 24.2 24.6 28.6 <50 122.6 <50 11.8 <50 <50 38.2 18.2 <50 <50 22.2 <50 <50 24.0
Manningham BH054/151214/0.0-0.1 0-0.1 Normal BH054 EM1413443019 13.4 340 4.8 7.4 32 11,200 <5 190 1 <50 <1 17 18 12 20,400 2480 <0.1 <2 26 <5 <5 50
Manningham BH054/DUP02/151214 Interlab_D BH054 M14-De16915 9.8 450 5.3 14 28 13,000 5.3 160 <2 12 <0.4 17 17 10 20,000 2600 <0.1 <10 23 <2 <10 42
% RPD* 31.0 27.8 9.9 61.7 13.3 14.9 5.8 17.1 66.7 122.6 <50 0.0 5.7 18.2 2.0 4.7 <50 <50 12.2 <50 <50 17.4
Monash BH062/171214/0.0-0.1 0-0.1 Normal BH062 EM1413661009 6.7 80 4.1 6.5 16 7060 <5 40 <1 <50 <1 15 <2 <5 7600 33 <0.1 <2 3 <5 <5 13
Monash BH062/DUP02/171214 Interlab_D BH062 M14-De21575 6.8 110 5.5 7.8 15 10,000 3.9 45 <2 <10 <0.4 17 <5 5.1 9000 43 <0.1 <10 <5 <2 <10 15
% RPD* 1.5 31.6 29.2 18.2 6.5 34.5 24.7 11.8 <50 <50 <50 12.5 <50 2.0 16.9 26.3 <50 <50 50.0 <50 <50 14.3
Whittlesea BH082/221214/0.0-0.1 0-0.1 Normal BH082 EM1413759019 27.2 80 5 7.1 46 13,600 <5 100 <1 <50 <1 45 22 16 28,800 730 <0.1 <2 28 <5 <5 125
Whittlesea BH082/DUP02/221214 Interlab_D BH082 M14-De21576 34 120 5.8 13 46 20,000 2.4 84 <2 <10 <0.4 42 18 15 38,000 710 <0.1 <10 23 <2 <10 110
% RPD* 22.2 40.0 14.8 58.7 0.0 38.1 70.3 17.4 <50 <50 <50 6.9 20.0 6.5 27.5 2.8 <50 <50 19.6 <50 <50 12.8
Whittlesea BH089/231214/0.0-0.1 0-0.1 Normal BH089 EM1413759033 3.7 100 4 3 17 4280 <5 20 <1 <50 <1 7 <2 <5 3660 21 <0.1 <2 2 <5 <5 8
Whittlesea BH089/DUP02/231214 Interlab_D BH089 M14-De21577 4.1 <100 5.1 5.5 16 3800 <2 28 <2 <10 <0.4 7.9 <5 <5 3900 31 <0.1 <10 <5 <2 <10 10
% RPD* 10.3 0.0 24.2 58.8 6.1 11.9 <50 33.3 <50 <50 <50 12.1 <50 <50 6.3 38.5 <50 <50 85.7 <50 <50 22.2
Banyule BH101/060115/0.0-0.1 0-0.1 Normal BH101 EM1500074019 10 90 4.4 6.7 17 4840 <5 60 <1 <50 <1 8 2 6 5330 101 <0.1 <2 3 <5 <5 24
Banyule BH101/060115/DUP01 Interlab_D BH101 M15-Ja01338 21 120 5.5 11 15 6600 2.9 54 <2 <10 <0.4 8.3 <5 5.3 6500 93 <0.1 <10 <5 <2 <10 23
% RPD* 71.0 28.6 22.2 48.6 12.5 30.8 53.2 10.5 <50 <50 <50 3.7 85.7 12.4 19.8 8.2 <50 <50 50.0 <50 <50 4.3
Boroondara BH107/070115/0.0-0.1 0-0.1 Normal BH107 EM1500074031 17.6 330 5.4 10.2 54 3790 12 70 <1 <50 <1 14 4 18 13,900 217 0.2 <2 11 <5 <5 70
Boroondara BH107/070115/DUP01 Interlab_D BH107 M15-Ja01339 16 450 5.9 8.4 49 4500 12 78 <2 <10 <0.4 13 <5 16 11,000 180 0.2 <10 9.5 <2 <10 61
% RPD* 9.5 30.8 8.8 19.4 9.7 17.1 0.0 10.8 <50 <50 <50 7.4 22.2 11.8 23.3 18.6 0.0 <50 14.6 <50 <50 13.7
Mitchell BH202/230215/0.0-0.1 0-0.1 Normal BH202 EM1502090001 40.4 70 6.4 4.7 8 17,200 <5 70 <1 <50 <1 70 21 20 30,400 252 <0.1 <2 40 <5 <5 35
Mitchell BH202/DUP02/230215/0.0-0.1 Interlab_D BH202 M15-Fe19325 46 <100 6.8 8.3 5.9 22,000 2.9 64 <2 <10 <0.4 66 20 18 37,000 340 <0.1 <10 34 <2 <10 35
% RPD* 13.0 35.3 6.1 55.4 30.2 24.5 53.2 9.0 <50 <50 <50 5.9 4.9 10.5 19.6 29.7 <50 <50 16.2 <50 <50 0.0
Mitchell BH223/230215/0.0-0.1 0-0.1 Normal BH223 EM1502090003 19.3 80 5.2 4.7 15 11,200 5 60 <1 <50 <1 34 8 9 27,600 109 <0.1 <2 12 <5 <5 18
Mitchell BH223/DUP02/0.0-0.1 Interlab_D BH223 M15-Fe19324 23 140 6.1 5.1 11 15,000 3.4 53 <2 <10 <0.4 30 6.8 7.9 24,000 95 <0.1 <10 11 <2 <10 18
% RPD* 17.5 54.5 15.9 8.2 30.8 29.0 38.1 12.4 <50 <50 <50 12.5 16.2 13.0 14.0 13.7 <50 <50 8.7 <50 <50 0.0
Wyndham BH225/240215/0.0-0.1 0-0.1 Normal BH225 EM1502090007 24 140 5.4 3.8 15 30,900 <5 60 1 <50 <1 59 18 18 34,000 554 <0.1 <2 28 <5 <5 24
Wyndham BH225/240215/DUP02 Interlab_D BH225 M15-Fe19323 26 190 6.7 6.3 9 43,000 5.3 52 <2 <10 <0.4 53 13 15 38,000 530 <0.1 <10 23 <2 <10 23
% RPD* 8.0 30.3 21.5 49.5 50.0 32.7 5.8 14.3 66.7 <50 <50 10.7 32.3 18.2 11.1 4.4 <50 <50 19.6 <50 <50 4.3
Greater Geelong BH227/240215/0.0-0.1 0-0.1 Normal BH227 EM1502090011 3.3 70 3.7 6.2 10 13,300 8 20 <1 <50 <1 39 <2 <5 37,900 38 <0.1 <2 5 <5 <5 <5
Greater Geelong BH227/DUP02/0.0-0.1 Interlab_D BH227 M15-Fe19327 4.3 <100 4.8 5.5 11 14,000 11 16 <2 <10 <0.4 45 <5 <5 42,000 40 <0.1 <10 5.1 <2 <10 <5
% RPD* 26.3 35.3 25.9 12.0 9.5 5.1 31.6 22.2 <50 <50 <50 14.3 <50 <50 10.3 5.1 <50 <50 2.0 <50 <50 <50
Greater Geelong BH228/240215/0.4-0.6 0.4-0.6 Normal BH228 EM1502090014 11.8 190 5.2 1.6 8 30,600 8 10 <1 <50 <1 50 3 <5 35,900 10 <0.1 <2 10 <5 <5 <5
Greater Geelong BH228/DUP02/240215 Interlab_D BH228 M15-Fe19322 16 190 6.1 2.8 8.5 43,000 12 13 <2 <10 <0.4 52 <5 <5 37,000 13 <0.1 <10 11 <2 <10 6.3
% RPD* 30.2 0.0 15.9 54.5 6.1 33.7 40.0 26.1 <50 <50 <50 3.9 50.0 <50 3.0 26.1 <50 <50 9.5 <50 <50 23.0
Greater Geelong BH229/240215/0.0-0.1 0-0.1 Normal BH229 12.6 190 5.8 1 10 42,300 11 10 1 <50 <1 76 7 <5 59,800 1380 <0.1 <2 14 <5 <5 <5
Greater Geelong BH229/DUP02/240215/0.0-0.6 Interlab_D BH229 M15-Fe19326 13 <100 6.5 5.2 6.7 56,000 11 12 <2 <10 <0.4 50 5 <5 55,000 13 <0.1 <10 11 <2 <10 <5
% RPD* 3.1 62.1 11.4 135.5 39.5 27.9 0.0 18.2 66.7 <50 <50 41.3 33.3 <50 8.4 196.3 <50 <50 24.0 <50 <50 <50
Ballarat BH236/130715/0-0.1 0-0.1 Normal BH236 EM1512248001 9.2 60 5 5.4 68 7540 6 50 <1 <50 <1 23 4 10 15,600 343 <0.1 <2 6 <5 <5 130
Ballarat BH236/DUP02/0.0-0.1 Interlab_D BH236 M15-Jl17703 12 <100 6.4 3.7 47 9600 4.1 36 <2 <10 <0.4 19 <5 8.9 14,000 310 <0.1 <10 6.2 <2 <10 95
% RPD* 26.4 50.0 24.6 37.4 36.5 24.0 37.6 32.6 <50 <50 <50 19.0 22.2 11.6 10.8 10.1 <50 <50 3.3 <50 <50 31.1
Ballarat BH243/130715/0-0.1 0-0.1 Normal BH243 EM1512248003 7 70 4.3 3.7 21 11,300 <5 70 <1 <50 <1 48 18 8 29,900 984 <0.1 <2 6 <5 <5 9
Ballarat BH243/DUP02/0.0-0.1 Interlab_D BH243 M15-Jl17704 8.8 120 5.5 3.5 9.3 17,000 4.3 46 <2 <10 <0.4 26 8.3 7.9 19,000 500 <0.1 <10 5.6 <2 <10 12
% RPD* 22.8 52.6 24.5 5.6 77.2 40.3 15.1 41.4 <50 <50 <50 59.5 73.8 1.3 44.6 65.2 <50 <50 6.9 <50 <50 28.6
Ballarat BH248/140715/0-0.1 0-0.1 Normal BH248 EM1512248013 11.5 <40 5 3.3 31 21,500 6 310 1 <50 <1 73 34 22 66,700 2710 <0.1 <2 21 <5 <5 40
Ballarat BH248/DUP02/0.0-0.1 Interlab_D BH248 M15-Jl17705 15 <100 6.1 3.3 18 7200 5.3 200 <2 <10 <0.4 53 25 18 15,000 3200 <0.1 <10 17 <2 <10 40
% RPD* 26.4 <50 19.8 0.0 53.1 99.7 12.4 43.1 66.7 <50 <50 31.7 30.5 20.0 126.6 16.6 <50 <50 21.1 <50 <50 0.0
Ballarat BH249/140715/0-0.1 0-0.1 Normal BH249 EM1512248015 9.4 <40 4.6 1.9 18 16,900 <5 270 1 <50 <1 70 36 28 59,600 2560 <0.1 <2 22 <5 <5 33
Ballarat BH249/DUP02/0.0-0.1 Interlab_D BH249 M15-Jl17706 11 <100 5.8 3.5 12 6500 4.4 180 <2 <10 <0.4 63 23 20 15,000 2500 <0.1 <10 18 <2 <10 32
% RPD* 15.7 <50 23.1 59.3 40.0 88.9 12.8 40.0 66.7 <50 <50 10.5 44.1 33.3 119.6 2.4 <50 <50 20.0 <50 <50 3.1
Ballarat BH257/150715/0-0.1 0-0.1 Normal BH257 EM1512248031 16.3 60 5.7 1.4 148 6080 28 140 <1 <50 <1 25 6 25 25,800 376 0.1 2 14 <5 14 225
Ballarat BH257/DUP02/0.0-0.1 Interlab_D BH257 M15-Jl17707 20 <100 6.3 5.9 84 6200 23 76 <2 <10 <0.4 46 <5 15 47,000 240 <0.1 <10 10 <2 <10 150
% RPD* 20.4 50.0 10.0 123.3 55.2 2.0 19.6 59.3 <50 <50 <50 59.2 18.2 50.0 58.2 44.2 0.0 133.3 33.3 <50 33.3 40.0
Ballarat BH258/150715/0-0.1 0-0.1 Normal BH258 EM1512248033 5.4 230 4.7 1.4 18 15,500 7 40 <1 <50 <1 118 6 5 81,800 116 <0.1 <2 12 <5 <5 6
Ballarat BH258/DUP02/0.0-0.1 Interlab_D BH258 M15-Jl17708 5.8 <100 6.2 1.4 16 16,000 8.2 27 <2 <10 <0.4 120 <5 5.6 100,000 96 <0.1 <10 9.2 <2 <10 8.8
% RPD* 7.1 78.8 27.5 0.0 11.8 3.2 15.8 38.8 <50 <50 <50 1.7 18.2 11.3 20.0 18.9 <50 <50 26.4 <50 <50 37.8
Ballarat BH260/150715/0-0.1 0-0.1 Normal BH260 EM1512248037 3.8 250 4.2 5.8 19 8920 9 30 <1 <50 <1 205 4 <5 110,000 71 <0.1 <2 9 <5 <5 <5
Ballarat BH260/DUP02/0.0-0.1 Interlab_D BH260 M15-Jl17715 4.2 <100 5.4 3 19 15,000 16 20 <2 <10 0.7 320 <5 <5 150,000 120 <0.1 <10 8.3 <2 <10 12
% RPD* 10.0 85.7 25.0 63.6 0.0 50.8 56.0 40.0 <50 <50 35.3 43.8 22.2 <50 30.8 51.3 <50 <50 8.1 <50 <50 82.4
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meq/100g mg/kg pH_Units % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Limit of Reporting 0.05 40 0.1 0.02 5 10 0.1 10 1 10 0.1 2 2 5 5 5 0.1 2 2 2 5 5
Monitoring_Zone Field_ID Sample_DepthSample_Type Location SampleCode
Metals/metalloids
Ballarat BH266/160715/0-0.1 0-0.1 Normal BH266 EM1512248049 7.6 <40 5.3 <0.5 28 11,400 16 80 <1 <50 <1 44 12 <5 35,500 466 <0.1 <2 22 <5 <5 71
Ballarat BH266/DUP02/0.0-0.1 Interlab_D BH266 M15-Jl17709 16 <100 6.2 3.6 26 14,000 13 88 <2 <10 <0.4 49 9 5.8 35,000 1000 <0.1 <10 23 <2 <10 87
% RPD* 71.2 <50 15.7 151.2 7.4 20.5 20.7 9.5 <50 <50 <50 10.8 28.6 14.8 1.4 72.9 <50 <50 4.4 <50 <50 20.3
Ballarat BH267/160715/0-0.1 0-0.1 Normal BH267 EM1512248051 5.4 <40 4.4 26 10 5690 <5 40 <1 <50 <1 12 <2 <5 9480 182 <0.1 <2 5 <5 <5 14
Ballarat BH267/DUP02/0.0-0.1 Interlab_D BH267 M15-Jl17710 7.3 <100 5.7 2.7 8.2 4900 3 35 <2 <10 <0.4 15 <5 <5 10,000 200 <0.1 <10 <5 <2 <10 15
% RPD* 29.9 <50 25.7 162.4 19.8 14.9 50.0 13.3 <50 <50 <50 22.2 <50 <50 5.3 9.4 <50 <50 0.0 <50 <50 6.9
Ballarat BH275/170715/0-0.1 0-0.1 Normal BH275 EM1512248067 14.6 <40 4.9 7.5 7 31,700 <5 260 2 <50 <1 123 72 15 103,000 1510 <0.1 <2 179 <5 <5 106
Ballarat BH275/DUP02/0.0-0.1 0-0.1 Interlab_D BH275 M15-Jl17711 25 <100 5.8 5.3 5.5 32,000 6.2 190 3.8 <10 0.6 130 43 18 98,000 1600 <0.1 <10 130 <2 <10 96
% RPD* 52.5 <50 16.8 34.4 24.0 0.9 21.4 31.1 62.1 <50 50.0 5.5 50.4 18.2 5.0 5.8 <50 <50 31.7 <50 <50 9.9
Ballarat BH276/170715/0-0.1 0-0.1 Normal BH276 EM1512248069 37.2 100 5.2 12.1 11 47,100 10 520 2 <50 <1 60 41 25 68,700 1600 0.1 <2 113 <5 <5 108
Ballarat BH276/DUP02/0.0-0.1 Interlab_D BH276 M15-Jl17712 46 <100 6.1 11 6.1 37,000 10 340 2.4 <10 <0.4 55 23 22 60,000 1500 <0.1 <10 71 <2 <10 81
% RPD* 21.2 0.0 15.9 9.5 57.3 24.0 0.0 41.9 18.2 <50 <50 8.7 56.3 12.8 13.5 6.5 0.0 <50 45.7 <50 <50 28.6
Greater Geelong BH277/170715/0-0.1 0-0.1 Normal BH277 EM1512248071 4 100 4.6 22.1 <5 40,300 <5 380 2 <50 <1 53 38 21 14,200 1140 <0.1 <2 119 <5 <5 88
Greater Geelong BH277/DUP02/0.0-0.1 Interlab_D BH277 M15-Jl17713 6.2 100 5.8 1.9 8.6 8100 5.2 28 <2 <10 <0.4 12 <5 <5 13,000 90 <0.1 <10 5.7 <2 <10 17
% RPD* 43.1 0.0 23.1 168.3 52.9 133.1 3.9 172.5 0.0 <50 <50 126.2 153.5 123.1 8.8 170.7 <50 <50 181.7 <50 <50 135.2
Greater Geelong BH278/170715/0-0.1 0-0.1 Normal BH278 EM1512248073 24.5 190 5.9 39.7 12 7240 5 30 <1 <50 <1 14 3 <5 14,600 106 <0.1 <2 8 <5 <5 17
Greater Geelong BH278/DUP02/0.0-0.1 Interlab_D BH278 M15-Jl17714 35 130 6.7 3.1 <5 34,000 5.6 140 <2 <10 <0.4 49 12 14 38,000 600 <0.1 <10 31 <2 <10 25
% RPD* 35.3 37.5 12.7 171.0 82.4 129.8 11.3 129.4 <50 <50 <50 111.1 120.0 94.7 89.0 139.9 <50 <50 117.9 <50 <50 38.1
Mitchell BH290/300715/0.0-0.1 0-0.1 Normal BH290 EM1512717021 9.4 80 4.7 6.3 16 15,600 <5 100 <1 <50 <1 84 7 9 53,600 190 <0.1 <2 16 <5 <5 20
Mitchell BH290/300715/DUP02 Interlab_D BH290 M15-Jl27086 9.3 100 6.1 3.5 17 21,000 2 92 <2 <10 <0.4 160 6.4 8.3 73,000 170 <0.1 <10 19 <2 <10 24
% RPD* 1.1 22.2 25.9 57.1 6.1 29.5 85.7 8.3 <50 <50 <50 62.3 9.0 8.1 30.6 11.1 <50 <50 17.1 <50 <50 18.2
Mitchell BH291/300715/0.0-0.1 0-0.1 Normal BH291 EM1512717024 6.4 <40 4.3 3.8 12 18,600 <5 100 <1 <50 <1 277 24 10 100,000 455 <0.1 <2 47 <5 <5 40
Mitchell BH291/300715/DUP02 Interlab_D BH291 M15-Jl27087 8.8 <100 5.4 3.5 15 29,000 <2 90 <2 <10 0.5 350 24 17 130,000 530 <0.1 <10 56 <2 <10 50
% RPD* 31.6 <50 22.7 8.2 22.2 43.7 <50 10.5 <50 <50 66.7 23.3 0.0 51.9 26.1 15.2 <50 <50 17.5 <50 <50 22.2
Frankston BH296/040815/0.0-0.1 0-0.1 Normal BH296 EM1512933003 3.2 <40 4 1.8 11 1540 <5 10 <1 <50 <1 3 <2 <5 1740 20 <0.1 <2 <2 <5 <5 6
Frankston BH296/040815/DUP02 Interlab_D BH296 M15-Au03402 4.3 <100 5.7 0.74 11 2800 <2 15 <2 <10 <0.4 <5 <5 <5 2400 36 <0.1 <10 <5 <2 <10 6.4
% RPD* 29.3 <50 35.1 83.5 0.0 58.1 <50 40.0 <50 <50 <50 50.0 <50 <50 31.9 57.1 <50 <50 <50 <50 <50 6.5
Mitchell BH305/050815/0.3-0.6 0.3-0.6 Normal BH305 EM1512933022 22.3 280 5.5 <0.5 6 30,400 <5 230 2 <50 <1 228 28 35 96,400 49 <0.1 <2 66 <5 <5 30
Mitchell BH305/050815/DUP02 Interlab_D BH305 M15-Au03403 18 190 6.7 3.9 5.2 22,000 5.2 150 <2 <10 0.6 78 15 19 51,000 180 <0.1 <10 30 <2 <10 24
% RPD* 21.3 38.3 19.7 154.5 14.3 32.1 3.9 42.1 0.0 <50 50.0 98.0 60.5 59.3 61.6 114.4 <50 <50 75.0 <50 <50 22.2
Notes:
RPD= Relative Percentage Difference
X Exceedance > of 50%
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Table A3 Evaluation of samples identified as outliers, based on principal components analysis and mahalanobis distance (M-Distance) for soils of the 
tertiary-Quaternary basalt (NV), Dargile Formation (DF), Sla (ACF) and the Tpb (BG) 
Location M-Distance PM Outlier LGA Location Description Outlier Evaluation Is this Sample 
representative 
of background 
BH019 Sample 
removed prior 
to analysis 
NV Zn Brimbank Organ Pipe National 
Park 
Sample was immediately on basalt boulders. Sample was collecting 
using a green painted spade. Possible that sample was 
contaminated during sampling, as sample was scraped from rock 
surface with spade.  
No 
BH022 3.95 NV Ni Brimbank Organ Pipe National 
Park, high organic 
matter 
No source. Low disturbance in area. Ni likely associated with 
natural enrichment 
Yes 
BH058 5.41 DF Pb 
Cu 
Manningha
m 
Koomba park, low 
lying alluvial area 
East link not built until 2005, no point source nearby. Cu possibly 
added from use of pesticide in horticultural region.  
No 
BH059 4.78 ACF Pb 
Cu 
Knox Koomba Park, reserve.  Possible that alluvial soils are from other parent material, as low 
lying area. 240 m from east link highway, but this was built after 
lead ceased to be used (built in 2005). No point source. Cu possibly 
added from use of pesticide in horticultural region.  
No 
BH060 5.21 ACF Pb 
Zn 
Whitehorse Between agricultural 
paddock and stream 
No point source.  Road 140 m away may have increased diffuse 
lead fall out, but within background criteria. Location likely higher 
than potential flood waters. Low possibility associated with metal 
fence, about 1.5 m up gradient of location. Cu possibly added from 
use of pesticide in horticultural region.  
No 
BH065 5.05 DF Cu Knox Dandenong Valley 
Park. Horse paddock.  
Cu possibly added from use of pesticide in horticultural region.  No 
BH075 7.89 BG Cu 
Hg 
Zn 
Kingston Braeside. Former 
waste water irrigation 
down gradient from 
site.  
Possible impacts from waste water irrigation. No 
BH104 3.66 DF Pb Boroondara Studley park bush 
land, low disturbance.  
No point source. Inner city area, likely elevated diffuse lead 
deposition. 
Yes 
BH151 3.60 BG Pb Greater 
Geelong 
Marcus Hill Hall Area sampled in treed area adjacent to agricultural land. Site was 
previously a small school that burnt down.  Sample location >25 m 
from building footprint.   
Yes 
BH152 4.62 BG Zn Greater 
Geelong 
Edge of 
wetland/seasonal 
No point source. Likely associated with sediments. Yes 
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Location M-Distance PM Outlier LGA Location Description Outlier Evaluation Is this Sample 
representative 
of background 
lake. 
BH178 4.73 BG As Geelong Recreation park No point source. No fill or significant soil disturbance observed.  Yes 
BH185 3.74 NV Ni Geelong Basalt Quarry No point source, Ni likely natural from NV  Yes 
BH186 3.60 NV Ni Geelong Basalt Quarry No point source, Ni likely natural from NV  Yes 
BH190 4.44 BG As Geelong Agricultural land, 
which has been 
ploughed.  
No point source of contamination.  Soils up gradient include 
Silurian and Tertiary with high As, associated with quartz 
intrusions. 
Yes 
BH191 3.95 BG As Geelong Anakie forest. 
Bushland reserve.  
As likely associated with mineral intrusions in Silurian formation of 
surrounding area form which theBG has formed 
Yes 
BH194 5.56 BG As Geelong Anakie forest. 
Bushland reserve.  
No point source. Arsenic likely associated with gold bearing igneous 
intrusions within area. 
Yes 
BH205 4.12 BG Zn Geelong Clifton Springs water 
way reserve 
No point source. Zn likely associated with sediments. Yes 
BH208 4.70 BG As Geelong Oak Danes winery, un 
cultivated area 
Sub soil also high in As, iron stones observed in subsoils. yes 
BH213 4.92 NV As 
Hg 
Geelong Adjacent to estuarine 
wetlands 
Accumulation of salt and shell fragments in soil. No point source of 
contamination. Location influenced by inundation estuarine water. 
Arsenic possibly associated with sediments from gold rush period 
(Reeves eta l 2016) deposited at site. Location meets definition of 
ambient background concentrations.  
Yes 
BH243 4.33 NV uncertain Ballarat soils adjacent to lake 
Burrumbeet 
Chemistry likely influenced by sediments blown from low lying 
lakes, not contamination (considered ambient).  
Yes 
BH249 3.61 NV Cu Ballarat Community Hall Soil in undeveloped grassed area of community hall, former 
agricultural area. No point source, sub soil the same concentration 
as surface.  
Yes 
BH250 3.99 NV uncertain Ballarat Tourello Park Land previously recreational, gardens, and possible old school. 
Sample area appeared undisturbed. No metal enrichment 
reported. 
Yes 
BH251 4.31 NV uncertain Ballarat Tourello Grassland Low disturbance, current grassland reserve probably historical 
grazing. No obvious metal enrichment.  
Yes 
BH254 4.02 NV Depleted Ballarat Miners Rest Wetland Wetland, low lying area, high water table. No evidence of point Yes 
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Location M-Distance PM Outlier LGA Location Description Outlier Evaluation Is this Sample 
representative 
of background 
in Ni source contamination 
BH257 4.42 NV Pb 
Zn 
Ballarat Land has been used as 
a park for over 200 
years.  
Fill comprising a metal pipe was observed 1 metre from assessment 
location. Potential contamination from adjacent fill/services. 
No 
BH266 3.69 NV As Ballarat Gong Gong reservoir Within river catchment area, possible that As has accumulated 
from dust or runoff from local mining region. Considered ambient.  
Yes 
BH268 4.24 NV Depleted 
in Ni 
Ballarat Warrenheip Hall, 
paddock 
Low intensity agricultural land, soils possibly more leached than 
other NV soils. No obvious metal enrichment.  
Yes 
BH273 4.96 NV Ni Ballarat Mt Buninyong, 
forested nature 
reserve 
Area of very low disturbance, native forest. Ni likely natural basalt 
origin 
Yes 
BH275 4.14 NV NI Ballarat Mt Buninyong, 
forested nature 
reserve 
Area of very low disturbance, native forest. Ni likely natural basalt 
origin 
Yes 
BH280 3.84 BG As Greater 
Dandenong 
Keysborough, water 
reserve/wetland.  
Former market 
gardens region. 
As likely associated with Fe stones. Sourced from 
granodiorite intrusion, up gradient from site.  Arsenic 
distribution at depth, unlikely associated with fertilizer use
Yes 
BH288 4.69 BG Hg, Pb, 
Zn 
Monash Park land, former 
homestead on large 
farm. Location more 
than 50 m from 
historical homestead. 
Potential contamination during development of parkland or from 
historical road, but no clear point source.  High uncertainty 
regarding history of homestead. 
No 
BH307 5.06 BG As, Zn Bayside Location on cliff 
adjacent to coast. 
High sand content.  
No point source, area has never been developed, unlikely to have 
been farmed. Possible weed sprays used in area, but no point 
sources likely. Natural reserve on coast.  
Yes 
BH310 5.33 BG Zn Monash Park adjacent to 
sports oval.  
Possible disturbed or reworked during oval development, but no 
point source of Zn apparent 
Yes 
Element Depth Category Count Count below LOR Min Max Geomean Mean SD 25th Med MAD 75th 95th% UW
As Surface 601 394 <5 78 <5 <5 NA 1 <5 NA 5 14 11
As Sub-surface 1464 703 <5 730 <5 9 33.54 <5 <5 NA 8 28 16
As >0.6 3072 1400 <5 1200 <5 11 39.01 <5 <5 NA 9 42 18
Cd* Surface 598 591 <1 1.5 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Sub-surface 1380 1350 <1 2 <1 <1 NA <1 <1 NA <1 1 NA
Cd* >0.6 2904 2833 <1 8.5 <1 <1 NA <1 <1 NA <1 1 NA
Cr Surface 583 11 <5 380 26 40 42.74 15 30 23.72 49 103 100
Cr Sub-surface 1320 101 <5 420 26 40 40.84 18 31 20.76 47 110 90
Cr >0.6 2690 164 <5 250 20 28 24.15 14 24 16.31 36 66 69
Cu Surface 603 142 <5 47 9 11 8.15 5.25 10 7.41 15 25 29
Cu Sub-surface 1399 471 <5 206 7 10 11.72 <5 7.7 7.71 13 26 28
Cu >0.6 2983 1226 <5 197 6 9 10.35 <5 6 5.19 11 28 23
Hg Surface 599 562 <0.1 0.6 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Sub-surface 1339 1152 <0.1 0.8 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg >0.6 2897 2408 <0.1 0.7 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 0.1 NA
Ni Surface 603 43 <5 209 12 19 20.88 7 14 11.86 24 50 48
Ni Sub-surface 1443 244 <5 300 12 22 25.95 5.9 15 16.31 30 66 66
Ni >0.6 3017 644 <5 170 10 17 19.61 <5 11 12.6 21 57 46
Pb Surface 591 34 <5 93 14 17 12.31 10 15 8.9 22 40 40
Pb Sub-surface 1473 257 <5 92 9 12 8.89 6.1 10 5.93 15 27 28
Pb >0.6 3400 725 <5 91 8 11 8.59 5 9 5.93 14 26 27
Zn Surface 600 32 <5 177 20 28 24.66 12 21 16.31 35 77 69
Zn Sub-surface 1422 209 <5 140 13 20 20.78 7 13 10.82 25 61 52
Zn >0.6 3000 666 <5 190 11 19 24.6 5 11 12.6 22 72 47
Supplementary Material 2
Table S2 Combined summary statistics for ambient background concentrations (mg/kg) of As, Cd, Cr,  Cu, Hg, Ni, Pb and Zn in surface (0.0-0.1m), sub-surface (0.3-0.6m) and deeper soils 
(>0.6m)  in Greater Melbourne,  Mitchell , Ballarat  and Greater Geelong.  
Extracted from: Mikkonen, H., Dasika, R.,  Drake, J., Wallis, C.,  Clarke, B., and Reichman, S., (2018) Evaluation of environmental and anthropogenic influences on ambient background 
metal and metalloid concentrations in soil, Science of the Total Environment
Notes: LOR= Limit of Reporting, Min= Minimum, Max= maximum, Geomean=Geometric mean, SD= Standard deviation, 25th=25th percentile, Med=Median, MAD= Median Absolute Deviation, 75th= 75th percentile, 95th= 95th 
percentile, UW= Upper Whisker (calculated by Quartile 3 + 1.5 x the inter-quartile range), NA=Not Applicable due to large percent of results below the LOR
*Potential low reliability of open-source cadmium concentrations; results above the LOR may be associated with the laboratory analysis method used. Analysis of Cd using ICPAES may provide inaccurate Cd concentrations. 
Mikkonen, H., Dasika, R.,  Drake, J., Wallis, C.,  Clarke, B., and Reichman, S., (2018) Evaluation of environmental and anthropogenic influences on ambient background metal and metalloid concentrations in soil, Science of the Total Environment
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Element Area Bedrock Category Count Count <LOR Min Max Gmean Mean SD 25th Med MAD 75th 95th UW
As Ballarat Qvn Surface 69 18 <5 24 <5 6 4.7 <5 5 3.7 9 16 17
As Ballarat Qvn Sub-surface 71 34 <5 23 5 7 5.6 <5 6 5.2 10 19 21
As Ballarat Qvn >0.6 83 66 <5 19 <5 <5 NA <5 <5 NA <5 9 NA
As Geelong Qvn Surface 34 19 <5 63 <5 7 10.8 <5 <5 NA 7 19 11
As Geelong Qvn Sub-surface 49 32 <5 110 <5 7 15.7 <5 <5 NA 6 14 10
As Geelong Qvn >0.6 31 24 <5 9 <5 <5 NA <5 <5 NA <5 8 NA
As Geelong Tpb Surface 41 16 <5 68 7 13 15.9 <5 7 6.7 15 47 32
As Geelong Tpb Sub-surface 61 16 <5 107 11 18 19.1 <5 14 11.7 21 57 48
As Geelong Tpb >0.6 50 4 <5 100 21 30 22.3 13 29 23.0 43 66 67
As Melbourne/Mitchell Qvn Surface 260 219 <5 11 <5 <5 NA <5 <5 NA <5 6 NA
As Melbourne/Mitchell Qvn Sub-surface 450 316 <5 19 <5 <5 NA <5 <5 NA <5 6 NA
As Melbourne/Mitchell Qvn >0.6 789 566 <5 21 <5 <5 NA <5 <5 NA <5 9 NA
As Melbourne/Mitchell Sla/Sud Surface 165 89 <5 78 <5 5 6.7 <5 <5 NA 6 13 11
As Melbourne/Mitchell Sla/Sud Sub-surface 482 133 <5 98 5 8 10.3 <5 6 4.8 9 24 18
As Melbourne/Mitchell Sla/Sud >0.6 1112 275 <5 750 6 11 26.9 <5 6 5.2 11 29 23
As Melbourne/Mitchell Tpb Surface 44 34 <5 34 <5 6 8.5 <5 <5 NA <5 28 NA
As Melbourne/Mitchell Tpb Sub-surface 351 172 <5 730 <5 20 65.3 <5 <5 NA 14 70 33
As Melbourne/Mitchell Tpb >0.6 994 464 <5 1200 5 18 61.1 <5 <5 NA 13 69 28
Cd* Ballarat Qvn Surface 69 69 <1 <1 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Ballarat Qvn Sub-surface 68 63 <1 <1 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Ballarat Qvn >0.6 65 64 <1 1 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Geelong Qvn Surface 34 34 <1 <1 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Geelong Qvn Sub-surface 47 47 <1 1 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Geelong Qvn >0.6 31 31 <1 1 <1 <1 NA <1 <1 NA <1 1 NA
Cd* Geelong Tpb Surface 41 41 <1 <1 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Geelong Tpb Sub-surface 50 47 <1 1.6 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Geelong Tpb >0.6 46 46 <1 <1 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Melbourne/Mitchell Qvn Surface 259 254 <1 1.5 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Melbourne/Mitchell Qvn Sub-surface 447 439 <1 1 <1 <1 NA <1 <1 NA <1 1 NA
Cd* Melbourne/Mitchell Qvn >0.6 750 731 <1 8.5 <1 <1 NA <1 <1 NA <1 1 NA
Cd* Melbourne/Mitchell Sla/Sud Surface 164 162 <1 1 <1 <1 NA <1 <1 NA <1 1 NA
Cd* Melbourne/Mitchell Sla/Sud Sub-surface 441 434 <1 1 <1 <1 NA <1 <1 NA <1 1 NA
Cd* Melbourne/Mitchell Sla/Sud >0.6 1056 1040 <1 1 <1 <1 NA <1 <1 NA <1 1 NA
Cd* Melbourne/Mitchell Tpb Surface 43 43 <1 <1 <1 <1 NA <1 <1 NA <1 <1 NA
Cd* Melbourne/Mitchell Tpb Sub-surface 327 320 <1 2 <1 <1 NA <1 <1 NA <1 1 NA
Cd* Melbourne/Mitchell Tpb >0.6 943 908 <1 2.5 <1 <1 NA <1 <1 NA <1 1 NA
Cr Ballarat Qvn Surface 69 0 12 380 72 94 79.4 44 65 46.0 118 270 220
Cr Ballarat Qvn Sub-surface 68 0 28 420 123 140 75.1 98 127 54.1 170 297 229
Cr Ballarat Qvn >0.6 62 0 48 250 104 111 42.3 83 100 29.7 130 199 200
Cr Geelong Qvn Surface 34 0 10 86 40 44 17.6 34 46 15.6 54 69 77
Cr Geelong Qvn Sub-surface 47 0 16 109 51 55 22.0 39 52 23.7 72 88 109
Cr Geelong Qvn >0.6 31 0 <5 56 12 16 13.5 6 10 8.9 22 41 43
Cr Geelong Tpb Surface 41 2 <5 67 11 17 13.8 5 14 13.3 22 39 44
Cr Geelong Tpb Sub-surface 59 1 <5 88 27 41 26.0 15 45 28.2 61 81 88
Cr Geelong Tpb >0.6 46 1 <5 49 27 29 10.9 24 30 10.4 37 45 49
Cr Melbourne/Mitchell Qvn Surface 260 1 <5 277 38 45 31.3 26 41 19.3 53 85 94
Cr Melbourne/Mitchell Qvn Sub-surface 454 0 <5 339 36 43 34.1 25 35 16.3 47 95 79
Cr Melbourne/Mitchell Qvn >0.6 751 1 <5 250 31 36 22.3 23 32 14.8 43 74 73
Cr Melbourne/Mitchell Sla/Sud Surface 150 2 <5 92 15 18 12.9 10 14 7.4 21 44 37
Cr Melbourne/Mitchell Sla/Sud Sub-surface 433 5 <5 294 26 33 26.2 18 29 17.8 43 66 79
Cr Melbourne/Mitchell Sla/Sud >0.6 1005 18 <5 222 22 27 17.9 16 24 13.3 34 53 61
Cr Melbourne/Mitchell Tpb Surface 41 7 <5 62 6 10 11.4 <5 7 7.4 14 26 26
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Table S3 Summary statistics for ambient background concentrations (mg/kg) of As, Cd, Cu, Cr, Hg,  Ni, Pb and Zn in surface (0.0-0.1m), sub-surface (0.3-0.6m)  and soils greater than >0.6m, overlying Newer volcanic basalt (Qvn), Silurian 
siltstone/sandstone (Sla/Sud), or Tertiary Sediments (Tpb) , in Greater Melbourne and Mitchell, Ballarat and Greater Geelong.  
Extracted from article: Mikkonen, H., Dasika, R.,  Drake, J., Wallis, C.,  Clarke, B., and Reichman, S., (2018) Evaluation of environmental and anthropogenic influences on ambient background metal and metalloid concentrations in soil, 
Science of the Total Environment
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Element Area Bedrock Category Count Count <LOR Min Max Gmean Mean SD 25th Med MAD 75th 95th UW
Cr Melbourne/Mitchell Tpb Sub-surface 259 95 <5 134 9 16 17.1 <5 12 14.1 26 46 60
Cr Melbourne/Mitchell Tpb >0.6 782 143 <5 130 11 16 14.1 6 13 10.5 21 41 43
Cu Ballarat Qvn Surface 69 33 <5 28 6 8 6.9 <5 5 3.7 13 22 28
Cu Ballarat Qvn Sub-surface 68 9 <5 32 11 13 7.9 8 12 7.4 17 28 32
Cu Ballarat Qvn >0.6 66 5 <5 33 9 10 6.8 6 9 3.7 12 26 16
Cu Geelong Qvn Surface 34 5 <5 27 9 11 5.4 8 11 3.7 13 19 18
Cu Geelong Qvn Sub-surface 49 8 <5 46 9 11 7.8 7 10 4.5 14 22 22
Cu Geelong Qvn >0.6 31 19 <5 42 <5 6 8.3 <5 <5 NA 6 20 10
Cu Geelong Tpb Surface 41 31 <5 21 <5 <5 NA <5 <5 NA <5 17 NA
Cu Geelong Tpb Sub-surface 50 38 <5 15 <5 <5 NA <5 <5 NA <5 11 NA
Cu Geelong Tpb >0.6 46 22 <5 7.7 <5 <5 NA <5 <5 NA 6 7 7.7
Cu Melbourne/Mitchell Qvn Surface 260 5 <5 45 13 14 6.8 10 14 5.9 17 26 27
Cu Melbourne/Mitchell Qvn Sub-surface 453 45 <5 50 10 12 7.9 7 10 5.5 15 27 27
Cu Melbourne/Mitchell Qvn >0.6 799 129 <5 87 8 11 9.5 6 9 5.0 13 31 23
Cu Melbourne/Mitchell Sla/Sud Surface 168 49 <5 47 8 11 9.9 <5 8 8.2 14 30 31
Cu Melbourne/Mitchell Sla/Sud Sub-surface 452 126 <5 206 8 12 17.1 <5 9 9.6 16 29 36
Cu Melbourne/Mitchell Sla/Sud >0.6 1076 229 <5 197 9 13 12.9 5 9 9.4 17 31 35
Cu Melbourne/Mitchell Tpb Surface 43 27 <5 24 <5 5 4.5 <5 <5 NA 7 12 13
Cu Melbourne/Mitchell Tpb Sub-surface 327 245 <5 39 <5 <5 NA <5 <5 NA <5 11 NA
Cu Melbourne/Mitchell Tpb >0.6 952 814 <5 54 <5 <5 NA <5 <5 NA <5 10 NA
Hg Ballarat Qvn Surface 69 68 <0.1 0.1 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Ballarat Qvn Sub-surface 71 56 <0.1 0.2 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 0.1 NA
Hg Ballarat Qvn >0.6 65 33 <0.1 0.16 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 0.14 NA
Hg Geelong Qvn Surface 34 32 <0.1 0.2 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Geelong Qvn Sub-surface 46 43 <0.1 0.3 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Geelong Qvn >0.6 31 31 <0.1 <0.1 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Geelong Tpb Surface 41 41 <0.1 <0.1 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Geelong Tpb Sub-surface 50 47 <0.1 0.25 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Geelong Tpb >0.6 46 46 <0.1 0.25 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 0.2 NA
Hg Melbourne/Mitchell Qvn Surface 259 248 <0.1 0.2 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Melbourne/Mitchell Qvn Sub-surface 414 354 <0.1 0.4 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Melbourne/Mitchell Qvn >0.6 766 641 <0.1 0.7 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 0.11 NA
Hg Melbourne/Mitchell Sla/Sud Surface 165 145 <0.1 0.25 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 0.1 NA
Hg Melbourne/Mitchell Sla/Sud Sub-surface 446 373 <0.1 0.6 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 0.1 NA
Hg Melbourne/Mitchell Sla/Sud >0.6 1037 833 <0.1 0.6 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 0.1 NA
Hg Melbourne/Mitchell Tpb Surface 43 40 <0.1 0.6 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Melbourne/Mitchell Tpb Sub-surface 312 279 <0.1 0.8 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Hg Melbourne/Mitchell Tpb >0.6 939 811 <0.1 0.66 <0.1 <0.1 NA <0.1 <0.1 NA <0.1 <0.1 NA
Ni Ballarat Qvn Surface 69 0 <5 209 13 20 34.5 8 11 5.9 17 67 29
Ni Ballarat Qvn Sub-surface 68 0 7 300 26 40 53.7 14 26 17.1 39 83 75
Ni Ballarat Qvn >0.6 65 0 9 120 22 28 22.9 14 19 8.9 30 80 54
Ni Geelong Qvn Surface 34 0 6 119 26 34 26.8 19 25 14.8 38 95 48
Ni Geelong Qvn Sub-surface 47 0 7 135 44 53 31.8 31 48 25.2 63 121 106
Ni Geelong Qvn >0.6 31 14 <5 101 5 17 24.8 <5 7 8.9 25 68 41
Ni Geelong Tpb Surface 41 12 <5 79 <5 7 13.6 <5 <5 NA 7 18 13
Ni Geelong Tpb Sub-surface 53 6 <5 67 9 15 13.9 <5 13 8.9 18 49 36
Ni Geelong Tpb >0.6 50 1 <5 33 14 16 6.4 11 15 6.7 20 27 33
Ni Melbourne/Mitchell Qvn Surface 260 1 <5 148 20 25 18.3 14 21 10.4 29 61 50
Ni Melbourne/Mitchell Qvn Sub-surface 484 5 <5 202 25 32 25.5 17 25 14.8 40 79 74
Ni Melbourne/Mitchell Qvn >0.6 830 15 <5 170 21 28 24.8 13 20 13.3 33 79 63
Ni Melbourne/Mitchell Sla/Sud Surface 168 15 <5 82 8 13 12.7 5 9 7.3 16 36 32
Ni Melbourne/Mitchell Sla/Sud Sub-surface 462 68 <5 216 11 18 19.6 5 12 10.8 23 51 48
Ni Melbourne/Mitchell Sla/Sud >0.6 1091 130 <5 110 12 17 16.3 7 12 8.9 21 53 42
Ni Melbourne/Mitchell Tpb Surface 43 20 <5 23 <5 <5 NA <5 <5 NA <5 12 NA
Ni Melbourne/Mitchell Tpb Sub-surface 329 165 <5 75 <5 7 8.6 <5 <5 NA 8 17 17
Ni Melbourne/Mitchell Tpb >0.6 937 479 <5 110 <5 6 10.0 <5 <5 NA 7 18 13
Pb Ballarat Qvn Surface 69 0 7 68 21 23 10.7 16 21 8.9 28 40 42
Pb Ballarat Qvn Sub-surface 67 4 <5 45 15 18 9.1 12 18 8.9 23 32 39
Pb Ballarat Qvn >0.6 65 4 <5 27 13 15 5.0 12 15 4.5 18 22 27
Pb Geelong Qvn Surface 34 1 <5 68 10 12 10.7 7 11 3.7 13 19 21
Pb Geelong Qvn Sub-surface 46 12 <5 40 7 9 7.8 <5 7 6.2 11 21 21
Pb Geelong Qvn >0.6 40 9 <5 39 6 8 6.2 5 6 3.0 8 15 12
Pb Geelong Tpb Surface 41 11 <5 86 8 13 17.7 <5 7 6.7 12 47 21
Pb Geelong Tpb Sub-surface 50 15 <5 45 7 8 6.8 <5 8 5.9 11 15 18
Pb Geelong Tpb >0.6 24 1 <5 28 9 11 5.7 7 9 2.3 11 19 19
Mikkonen, H., Dasika, R.,  Drake, J., Wallis, C.,  Clarke, B., and Reichman, S., (2018) Evaluation of environmental and anthropogenic influences on ambient background metal and metalloid concentrations in soil, Science of the Total Environment
Dec 2017 3 of 3
Element Area Bedrock Category Count Count <LOR Min Max Gmean Mean SD 25th Med MAD 75th 95th UW
Pb Melbourne/Mitchell Qvn Surface 251 17 <5 93 14 17 12.8 10 15 8.9 21 40 36
Pb Melbourne/Mitchell Qvn Sub-surface 461 89 <5 39 8 10 5.7 6 9 4.7 13 20 23
Pb Melbourne/Mitchell Qvn >0.6 851 197 <5 42 7 9 6.6 5 8 5.8 12 23 22
Pb Melbourne/Mitchell Sla/Sud Surface 165 0 <5 66 16 18 9.9 11 16 7.4 22 39 38
Pb Melbourne/Mitchell Sla/Sud Sub-surface 499 23 <5 50 12 14 7.4 9 13 5.9 18 28 30
Pb Melbourne/Mitchell Sla/Sud >0.6 1299 72 <5 76 12 14 9.1 9 13 6.7 18 33 31
Pb Melbourne/Mitchell Tpb Surface 43 5 <5 54 11 14 10.4 8 12 7.4 18 33 27
Pb Melbourne/Mitchell Tpb Sub-surface 350 114 <5 92 6 10 12.4 <5 7 6.7 12 29 26
Pb Melbourne/Mitchell Tpb >0.6 1108 442 <5 91 5 7 7.7 <5 6 4.6 9 18 18
Zn Ballarat Qvn Surface 69 3 <5 130 17 27 29.6 9 13 8.9 36 102 76
Zn Ballarat Qvn Sub-surface 65 5 <5 108 13 19 21.8 8 12 7.4 20 58 33
Zn Ballarat Qvn >0.6 55 0 5 42 11 13 9.1 7 9 3.0 14 34 21
Zn Geelong Qvn Surface 34 0 6 88 21 26 17.4 16 21 7.4 26 59 40
Zn Geelong Qvn Sub-surface 49 2 <5 120 17 23 20.9 11 18 13.3 28 55 53
Zn Geelong Qvn >0.6 31 14 <5 54 6 10 13.6 <5 <5 NA 11 40 18
Zn Geelong Tpb Surface 41 17 <5 177 8 19 32.6 <5 6 5.2 18 77 40
Zn Geelong Tpb Sub-surface 59 22 <5 51 8 12 10.8 <5 8 8.2 20 27 40
Zn Geelong Tpb >0.6 46 0 <5 58 26 30 12.5 21 31 14.1 40 47 58
Zn Melbourne/Mitchell Qvn Surface 260 1 <5 140 26 32 23.8 17 25 14.8 36 83 65
Zn Melbourne/Mitchell Qvn Sub-surface 471 14 <5 97 16 20 14.1 11 16 9.2 25 52 46
Zn Melbourne/Mitchell Qvn >0.6 820 27 <5 210 15 21 19.6 10 15 8.9 25 55 47
Zn Melbourne/Mitchell Sla/Sud Surface 165 5 <5 112 19 26 19.8 11 20 14.8 34 68 68
Zn Melbourne/Mitchell Sla/Sud Sub-surface 457 49 <5 140 15 25 27.0 7 15 13.5 34 85 74
Zn Melbourne/Mitchell Sla/Sud >0.6 1094 91 <5 190 17 29 31.8 8 15 13.3 36 97 77
Zn Melbourne/Mitchell Tpb Surface 43 6 <5 165 14 24 29.1 7 15 13.3 33 68 69
Zn Melbourne/Mitchell Tpb Sub-surface 321 117 <5 130 7 13 17.2 <5 7 6.7 15 43 33
Zn Melbourne/Mitchell Tpb >0.6 942 534 <5 160 <5 8 14.0 <5 <5 NA 7 30 14
Notes: LOR= Limit of Reporting, Min= Minimum, Max= maximum, Gmean=Geometric mean, SD= Standard deviation, 25th=25th percentile, Med=Median, MAD= Median Absolute Deviation, 75th= 75th percentile, 95th= 95th percentile, UW= Upper Whisker 
(calculated by Quartile 3 + 1.5 X the inter-quartile range), NA=Not Applicable due to large percent of results below the LOR
*Potential low reliability of open-source cadmium concentrations; results above the LOR may be associated with the laboratory analysis method used. Analysis of Cd using ICPAES may provide inaccurate Cd concentrations. 
Mikkonen, H., Dasika, R.,  Drake, J., Wallis, C.,  Clarke, B., and Reichman, S., (2018) Evaluation of environmental and anthropogenic influences on ambient background metal and metalloid concentrations in soil, Science of the Total Environment
Supplementary Material SM4 Ambient background concentrations (mg/kg) of arsenic, chromium, copper, nickel, lead and zinc in surface soils (0.0-0.1) of Greater Melbourne, Mitchell, Greater Geelong and Ballarat, separated by quartiles. Over 50% of arsenic conetrations were below the limit of reporting of 5 mg/kg, therefore results were spearated into two quartiles only.  
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Supplementary Material to Support Chapter 7 
Appendix 1 
 
Summary of single linear regression (single), multiple regression (MR) and regression tree models (RT) for 
estimation of background Cu, Cr, Ni and Zn in soils of the Study Area (SA), including predicted R2, mean 
absolute error. Some models were restricted to a specific soil matrix, based on sample depth or parent 
material; Silurian siltstone and sandstone (Sla/Sud), Quaternary basalt (Qvn) or tertiary Sediments (Tpb).  
Model Type Soil 
Matrix 
Model  Summary R2 Error 
Chromium 
Single  SA Log[Cr] = 0.9log[Fe%] +1.15 0.84 14.6 
Simple MR SA Log[Cr] = -1.5969 + 0.4905log[ Al] + 0.6606log[ V] 0.89 13.7 
Moderate 
MR 
SA Log[Cr] = -0.6386 - 0.1476 log[Sand%] + 0.2646 log[Fe] -
 0.1114log[ As] + 0.2193 log[Ni] + 0.6069log[ V] 
0.94 9.9 
Simple RT SA Rule 1: [470 cases, mean 31.2, range 1 to 159, est err 6.0] 
 
    if 
 Ti <= 200 
    then 
 outcome = -3.6 + 0.065 Ti + 0.00107 Al + 0.0004
2 Fe + 0.079 V 
 
  Rule 2: [91 cases, mean 62.9, range 12 to 149, est err 14.3] 
 
    if 
 Fe <= 53100 
 Ti > 200 
    then 
 outcome = 9.4 + 0.544 V + 0.00065 Al 
 
  Rule 3: [29 cases, mean 88.2, range 26 to 204, est err 19.4] 
 
    if 
 Ti > 1190 
    then 
 outcome = -3.7 + 0.001 Fe + 0.06 V + 0.00022 Al 
 
  Rule 4: [81 cases, mean 120.4, range 25 to 339, est err 36.
8] 
 
    if 
 Fe > 53100 
 Ti <= 1190 
    then 
 outcome = -0.3 + 0.0718 Ti + 0.00113 Fe + 0.019 
V + 7e-005 Al 
 
0.88 10.9 
Copper 
Single Qvn Log[Cu]=0.6log[Co]+0.37 0.50 5.3 
Single Sud/Sla Log[Cu]=0.58log(Co) +0.5 0.57 4.0 
Single Sud/Sla Log[Cu]=0.67log[Ni] +0.22 0.66 3.2 
Single SA Log[Cu]=0.54log(Co)+0.45  0.59 4.2 
Single SA Log[Cu]=0.5log[Ni]+0.31 0.59 4.4 
Simple MR SA Log[Cu] = 0.4597 - 0.1456log[ Sand] - 0.0831log[ As] 
+ 0.3353log[ Co] + 0.3417log [Zn] 
0.71 3.6 
Complex MR SA Log[Cu] = 0.504 - 0.1205log[ Sand] - 0.0951log[ As] + 
0.1482log[ Ni] + 0.2427log[ Co] + 0.3020log[ Zn] + 
0.1495log[ Clay] - 0.0636 log[Silt] - 0.0780log[ Mn] + 0.1676 
log[P] - 0.1006log[ V] - 0.0635log[ OM] 
0.74 3.3 
Complex RT SA ule 1: [74 cases, mean 2.55, range 2.5 to 6, est err 0.09] 
 
    if 
 Ba <= 10 
 Zn <= 19 
    then 
 outcome = 2.46 + 0.01 Ni - 0.00025 Ti + 0.007 Zn 
+ 0.002 Cr 
 
  Rule 2: [75 cases, mean 3.68, range 2.5 to 10, est err 1.37] 
 
    if 
 Ba > 10 
 V <= 26 
 Zn <= 19 
 Ni <= 32 
    then 
 outcome = 0.29 - 0.0036 Ti + 0.104 Ni + 0.137 Zn 
+ 0.0152 Ba + 0.023 Cr 
           + 0.05 Clay + 0.053 Co + 0.00055 K + 0.001
9 P - 5e-005 Al 
           - 0.011 V - 0.39 pH + 0.017 Silt - 0.00022 N
a + 0.01 Sand 
           + 0.011 CEC + 3e-005 Mg - 1e-006 OM 
 
  Rule 3: [154 cases, mean 6.64, range 2.5 to 18, est err 2.25
] 
 
    if 
 Ba > 10 
 V > 26 
 Zn <= 19 
 Ni <= 32 
    then 
 outcome = 5.73 - 0.01055 Ti + 0.222 Ni + 0.209 Z
n + 0.036 Cr + 0.00105 K 
           - 0.024 V - 0.81 pH - 6.9e-005 Al + 0.0012 
Mn + 0.028 Clay 
           - 0.019 Sand + 0.023 Co + 0.0015 Ba + 0.00
05 P - 0.00017 Na 
0.82 2.6 
           + 0.011 Silt + 0.012 CEC 
 
  Rule 4: [60 cases, mean 9.46, range 2.5 to 21, est err 2.60] 
 
    if 
 F <= 190 
 P <= 480 
 Zn > 19 
 Ni <= 32 
    then 
 outcome = 2.5 + 0.203 Ni + 0.107 Clay + 0.095 C
o + 0.0033 P - 0.00078 Ti 
           + 0.015 Cr + 0.0054 F + 0.026 Zn + 0.0032 B
a + 0.039 Pb 
           - 0.0007 Mn - 0.007 V - 0.013 Sand - 0.26 p
H - 0.017 Silt 
           + 8e-005 Mg - 1.9e-005 Al - 0.00021 Na - 6
e-006 Fe - 2e-006 OM 
 
  Rule 5: [6 cases, mean 11.67, range 9 to 20, est err 3.37] 
 
    if 
 Co <= 18 
 Ni > 65 
    then 
 outcome = -3.85 + 0.248 Zn - 0.00345 Ti + 0.057 
Ni + 0.129 Co + 0.037 V 
           + 0.033 Cr + 0.0006 Mn 
 
  Rule 6: [70 cases, mean 12.34, range 2.5 to 24, est err 2.75
] 
 
    if 
 F > 190 
 P <= 480 
 Zn > 19 
 Ni <= 32 
    then 
 outcome = 5.59 + 0.254 Ni + 0.0225 Ba - 0.164 S
and + 0.0169 F - 0.1 Silt 
           - 0.0021 Mn + 0.049 Zn + 0.03 Co + 0.0009 
P - 0.00019 K 
           + 0.013 Clay + 0.01 Pb 
 
  Rule 7: [43 cases, mean 15.83, range 2.5 to 53, est err 3.06
] 
 
    if 
 pH > 6.3 
 Ni > 32 
 Ni <= 65 
    then 
 outcome = 9.99 - 0.00857 Ti + 0.294 Zn + 0.166 
Ni + 0.083 Cr 
           + 0.000104 Fe - 1.89 pH - 0.04 V + 1.5e-005 
Ca + 0.01 Co 
 
  Rule 8: [34 cases, mean 16.03, range 6 to 28, est err 3.18] 
 
    if 
 P > 480 
 Zn > 19 
 Ni <= 32 
    then 
 outcome = 4.66 + 0.332 Ni + 0.153 Co + 0.064 Zn 
+ 0.0005 P - 0.006 Sand 
           + 0.006 Clay + 0.0008 F - 0.006 Silt 
 
  Rule 9: [15 cases, mean 18.47, range 8 to 36, est err 2.83] 
 
    if 
 pH <= 6.3 
 K > 1840 
 Cr <= 130 
 Ni > 32 
 Ni <= 65 
    then 
 outcome = -12.15 + 0.16 Cr + 0.304 Zn + 0.00189 
K + 0.026 Ni + 0.44 pH 
           + 1.8e-005 Fe 
 
  Rule 10: [15 cases, mean 20.87, range 10 to 53, est err 8.9
1] 
 
    if 
 Ba <= 210 
 Cr > 130 
 Ni > 32 
    then 
 outcome = 16 
 
  Rule 11: [43 cases, mean 21.21, range 10 to 39, est err 4.0
4] 
 
    if 
 pH <= 6.3 
 K <= 1840 
 Zn <= 100 
 Ni > 32 
 Ni <= 65 
    then 
 outcome = -8.82 + 0.169 Zn + 0.12 Ni + 2.52 pH + 
6e-005 Fe - 0.00088 Ti 
           + 0.016 Cr + 0.051 Co + 0.0013 P + 0.02 Cla
y + 9e-005 Mg 
           - 0.00024 Na + 0.00019 K - 0.005 V + 0.001
7 F + 0.008 Sand 
           + 0.011 Silt - 1.4e-005 Al - 0.0003 Mn - 6e-
006 Ca - 1e-006 OM 
 
  Rule 12: [8 cases, mean 22.13, range 7 to 47, est err 5.44] 
 
    if 
 Zn > 100 
 Ni > 32 
    then 
 outcome = -56.71 + 0.865 Zn - 0.0077 Mn - 0.00
123 Ti + 0.023 Ni 
           + 0.046 Co + 0.014 Cr + 0.009 V + 0.0004 P 
+ 0.006 Clay 
 
  Rule 13: [23 cases, mean 24.15, range 2.5 to 48, est err 4.8
6] 
 
    if 
 Cr <= 130 
 Mn <= 832 
 Co > 18 
 Ni > 65 
    then 
 outcome = -3.57 + 0.0292 Mn + 0.35 Co + 0.043 
Zn - 0.0007 Ti + 0.013 Cr 
           + 0.015 Ni + 0.0005 P + 0.008 Clay + 4e-005 
Mg + 0.002 V 
           - 9e-005 Na + 7e-005 K 
 
  Rule 14: [6 cases, mean 31.50, range 21 to 45, est err 10.3
0] 
 
    if 
 Mn > 832 
 Zn <= 100 
 Ni > 65 
    then 
 outcome = 9.99 + 0.198 Zn + 0.079 Cr + 0.17 Co 
 
  Rule 15: [7 cases, mean 36.57, range 21 to 50, est err 3.73] 
 
    if 
 Ba > 210 
 Cr > 130 
 Zn <= 100 
    then 
 outcome = 8.11 - 0.00291 Ti + 0.053 Sr + 0.075 N
i + 0.172 Co + 0.051 Cr 
           + 0.092 Zn + 0.004 P + 0.061 Clay + 0.0002
8 Mg - 0.00073 Na 
           + 0.00058 K + 0.0051 F + 0.024 Sand + 0.03
3 Silt - 0.011 V 
           - 2e-005 Fe - 0.47 pH - 4.1e-005 Al - 0.0009 
Mn - 4e-006 OM 
           - 1.7e-005 Ca - 0.001 Ba 
 
 
 
Simple RT SA Rule 1: [246 cases, mean 5.22, range 2.5 to 21, est err 2.23] 
 
    if 
 Cr <= 25 
    then 
0.6 3.9 
 outcome = 0.38 + 0.0094 P + 0.051 Cr + 0.0184 F 
- 0.026 V + 0.00061 K 
           + 0.0009 Mn 
 
  Rule 2: [179 cases, mean 10.23, range 2.5 to 53, est err 4.5
2] 
 
    if 
 Ba <= 70 
 Cr > 25 
    then 
 outcome = 2.1 + 0.054 Ba + 0.076 Cr + 0.0092 P - 
0.053 V + 0.0159 F 
           + 0.0009 K - 3.1e-005 Fe + 0.001 Mn 
 
  Rule 3: [110 cases, mean 14.65, range 2.5 to 35, est err 3.7
2] 
 
    if 
 Fe <= 45800 
 Ba > 70 
 Cr > 25 
    then 
 outcome = 3.49 + 0.179 Cr - 0.076 V + 0.0193 F - 
0.0082 Ba + 0.0039 P 
           + 0.0021 Mn + 0.00074 K 
 
  Rule 4: [87 cases, mean 22.03, range 2.5 to 50, est err 8.19
] 
 
    if 
 Fe > 45800 
 Ba > 70 
    then 
 outcome = 13.76 + 0.083 Cr - 0.000103 Fe + 0.02
03 F + 0.0053 P - 0.015 V 
           + 0.00037 K + 0.0006 Mn - 0.0009 Ba 
 
Nickel 
Single SA Log[Ni]=0.84log[Fe%] +0.81 0.56 15.9 
Simple MR SA Log[Ni] = -0.8098 + 0.6146 log[Co] + 0.4572log[ Mg] 0.89 7 
Complex RT SA Rule 1: [470 cases, mean 13.2, range 1 to 56, est err 2.5] 
 
    if 
 Co <= 16 
    then 
 outcome = 2.9 + 1.05 Co + 0.0029 Mg + 0.0047 T
i + 0.4 Cu - 0.19 Clay + 0.00022 Al - 0.0044 Mn + 0.034 Cr - 0
.019 Sr + 0.0008 K 
           - 0.04 Sand - 0.04 Silt - 2e-005 Ca 
 
  Rule 2: [32 cases, mean 24.8, range 6 to 75, est err 5.3] 
 
    if 
0.92 5.4 
 Silt > 22 
 Mg <= 1730 
 Co > 16 
    then 
 outcome = -8.1 + 0.0052 Mg + 0.5 Co + 0.127 Cr 
+ 0.00043 Al + 0.0035 Ti - 0.0064 Mn - 7e-005 Fe + 0.11 Silt 
+ 0.18 Cu - 0.13 Pb - 0.06 Clay - 6e-005 Ca + 0.03 Zn - 0.0016 
P 
 
  Rule 3: [6 cases, mean 40.3, range 14 to 108, est err 22.5] 
 
    if 
 Silt <= 22 
 Mg <= 1730 
 Co > 16 
    then 
 outcome = 4.9 + 0.003 Mg + 0.47 Co + 0.0048 Ti 
- 0.0063 Mn + 0.34 Cu  + 0.061 Cr - 0.00012 Ca - 0.11 Clay - 
5e-005 Fe + 0.0001 Al - 0.0029 P - 0.04 CEC + 0.002 Ba + 5e-
006 OM 
 
  Rule 4: [56 cases, mean 49.6, range 15 to 106, est err 9.2] 
 
    if 
 Mg > 1730 
 Cr <= 98 
 Co > 16 
 Cu <= 24 
 Pb > 5 
    then 
 outcome = 9.1 + 0.00078 Fe + 0.369 Cr - 0.288 V 
- 0.73 Cu - 0.41 Pb    + 0.066 Sr + 0.26 Co + 0.0023 Ti + 2 pH 
- 0.13 Silt  + 0.0007 Mg + 0.06 Zn - 0.0014 Mn 
 
  Rule 5: [15 cases, mean 81.9, range 39 to 135, est err 11.4] 
 
    if 
 Mg > 1730 
 Cr <= 98 
 Co > 16 
 Cu > 24 
 Pb > 5 
    then 
 outcome = 26.5 - 1.59 Pb + 0.97 Co + 0.175 Cr + 
0.0056 Ti + 0.0022 Mg + 0.27 Cu + 2e-005 Fe 
 
  Rule 6: [12 cases, mean 92.7, range 48 to 135, est err 19.2] 
 
    if 
 V <= 76 
 Co > 16 
 Pb <= 5 
    then 
 outcome = 50.6 + 1.08 Co + 0.28 Cr - 0.93 Pb - 0.
5 Silt - 0.00029 Fe   + 0.0064 Ti - 0.151 V + 0.24 Zn + 0.0017 
Mg - 0.0056 Mn 
 
  Rule 7: [20 cases, mean 97.4, range 34 to 286, est err 20.3] 
 
    if 
 Mg > 1730 
 Cr > 98 
 Co > 16 
 Pb > 5 
    then 
 outcome = 33.3 - 2.01 Pb + 1.46 Co + 0.159 Cr + 
0.0054 Ti - 0.3 Silt- 0.00018 Fe + 0.0015 Mg + 0.14 Zn - 0.00
34 Mn + 0.15 Cu 
 
  Rule 8: [12 cases, mean 123.8, range 50 to 300, est err 26.
0] 
 
    if 
 Mg > 1730 
 V > 76 
 Pb <= 5 
    then 
 outcome = 52.1 + 2.64 Co - 0.000368 OM - 0.242 
V + 0.153 Cr - 0.25 Pb+ 0.0004 Mg + 0.001 Ti - 2e-005 Fe - 0.
03 Silt + 0.02 Zn 
 
 
Simple RT SA   Rule 1: [470 cases, mean 13.2, range 1 to 56, est err 3.0] 
 
    if 
 Co <= 16 
    then 
 outcome = -0.7 + 1.3 Co + 0.0027 Mg + 0.0035 Ti 
+ 0.043 Cr - 0.0011 Mn 
 
  Rule 2: [38 cases, mean 27.3, range 6 to 108, est err 11.2] 
 
    if 
 Co > 16 
 Mg <= 1730 
    then 
 outcome = -7.2 + 0.0075 Mg + 0.73 Co + 0.141 C
r + 0.0048 Ti - 0.0101 Mn- 3e-005 Fe 
 
  Rule 3: [114 cases, mean 74.1, range 15 to 300, est err 17.
7] 
 
    if 
 Co > 16 
 Mg > 1730 
    then 
 outcome = -10.1 + 1.31 Co + 0.0043 Mg + 0.217 
Cr - 0.0139 Mn + 0.0055 Ti 
 
0.86 6.2 
Simple RT SA Excluded Ti so as to allow for comparison on NGSA dataset 
Rule 1: [470 cases, mean 13.2, range 1 to 56, est err 3.1] 
 
0.81 6.8 
    if 
 Co <= 16 
    then 
 outcome = -1 + 1.4 Co + 0.0027 Mg + 0.041 Cr - 
0.0013 Mn + 2e-005 Fe 
 
  Rule 2: [38 cases, mean 27.3, range 6 to 108, est err 10.7] 
 
    if 
 Co > 16 
 Mg <= 1730 
    then 
 outcome = -15.5 + 0.0127 Mg + 0.54 Co + 0.121 
Cr - 0.0073 Mn 
           + 0.00013 Fe 
 
  Rule 3: [88 cases, mean 62.0, range 15 to 135, est err 15.6] 
 
    if 
 Co > 16 
 Mg > 1730 
 Cr <= 98 
    then 
 outcome = -13 + 1.34 Co + 0.304 Cr + 0.0042 Mg 
- 0.0082 Mn 
 
  Rule 4: [26 cases, mean 114.9, range 34 to 300, est err 27.
0] 
 
    if 
 Co > 16 
 Mg > 1730 
 Cr > 98 
    then 
 outcome = -13.5 + 2.22 Co + 0.0033 Mg + 0.18 C
r - 0.0096 Mn 
 
 
     
  Zinc   
Model Type Soils Model Summary R2 Error 
Complex MR Qvn 
Surface 
Log[Zn] = -0.416 + 0.2739 log[As] + 0.4627log[ Cu] -
 0.1604log[ F] + 0.2975log[ Mg] + 0.1758log[ P] 
+ 0.2320log[ S] + 0.1518log[ Ti] - 0.5118log[ V] 
0.75 9.4 
Complex MR Qvn 
Sub-
Surface 
Zn = 1.04 + 0.000185 Al + 0.3998 Cu + 0.002076 Mg 
+ 0.01467 P - 0.08114 Sr + 0.003652 Ti 
88.8 4.0 
Complex MR Tpb Log [Zn] = 1.170 + 0.267 Log[Ni] - 0.404 log[Sand] 
+ 0.503 log[Cu] - 0.3982 log[Cr] - 0.1826 log[F] 
0.59 8.2 
+ 0.5337 log[Mn] 
Complex MR Sud/Sla  Log[Zn] = 0.374 + 0.5634 log[Ni] + 0.3348 log[Cu] 
+ 0.3055 log[P] - 0.4263 log[V] 
0.8 7.0 
Simple MR SA LogZn = -0.1186 + 0.6519Log[ Cu] + 0.3328log[ P] 0.61 10.6 
Complex RT SA Rule 1: [229 cases, mean 10.42, range 2.5 to 40, est err 3.76
] 
 
    if 
 F <= 270 
 P <= 140 
    then 
 outcome = 24.4 + 0.054 P + 0.00309 Mg - 0.103 
Sr + 0.41 Co - 0.22 Sand  - 0.25 Clay - 0.19 Silt - 0.0037 Mn + 
0.0013 K - 0.1 CEC  + 0.007 F - 0.0008 Na - 0.7 pH - 4e-005 A
l 
 
  Rule 2: [61 cases, mean 25.34, range 2.5 to 114, est err 9.2
6] 
 
    if 
 F > 270 
 P <= 140 
    then 
 outcome = 20.08 - 0.0552 Ti + 1.129 Ni - 1.05 CE
C - 0.109 V 
 
  Rule 3: [187 cases, mean 28.78, range 2.5 to 108, est err 7.
54] 
 
    if 
 P > 140 
 S <= 550 
 Ti > 70 
    then 
 outcome = 4.7 + 0.0021 Mg - 0.124 V + 0.026 S + 
0.0142 P + 0.126 Ni- 0.04 Sr + 0.0017 Ti + 5.7e-005 Fe + 0.03
1 Cr - 0.001 Na+ 0.008 F - 3e-005 Al + 0.02 Silt + 0.0005 Mn 
- 0.01 Sand 
 
  Rule 4: [102 cases, mean 30.90, range 2.5 to 112, est err 8.
69] 
 
    if 
 F > 60 
 P > 140 
 Ti <= 70 
    then 
 outcome = 5.59 + 1.395 Ni + 0.00273 Ca + 0.026
2 P - 0.131 Cr - 0.28 Clay  - 0.00141 Mg + 0.03 F - 0.09 Sand 
 
  Rule 5: [37 cases, mean 43.96, range 2.5 to 125, est err 12.
15] 
 
    if 
0.58 8.7 
 CEC > 24.9 
 P > 140 
 Ti > 70 
    then 
 outcome = 21.81 + 0.0433 Mn - 0.000356 Fe - 0.
061 V + 0.00096 Mg   + 0.011 S + 0.0051 P + 0.046 Ni - 0.024 
Sr + 0.007 F   - 0.0008 Na + 0.0007 Ti + 0.013 Cr - 3e-005 Al 
 
  Rule 6: [18 cases, mean 45.33, range 2.5 to 177, est err 31.
53] 
 
    if 
 F <= 60 
 P > 140 
 Ti <= 70 
    then 
 outcome = 14.36 + 0.046 Na + 0.002 S - 0.008 V 
+ 0.00012 Mg + 0.008 Ni+ 9e-006 Fe 
 
  Rule 7: [14 cases, mean 60.14, range 8 to 118, est err 16.2
6] 
 
    if 
 CEC <= 24.9 
 S > 550 
 Ti > 70 
    then 
 outcome = -48.65 + 5.94 CEC + 0.0056 Ti + 0.002
5 Mn - 1.7e-005 Fe+ 0.0001 Mg - 0.006 V + 0.001 S 
 
Simple RT SA Rule 1: [229 cases, mean 10.42, range 2.5 to 40, est err 3.89
] 
 
    if 
 P <= 140 
 F <= 270 
    then 
 outcome = 20.81 + 0.0492 P + 0.003 Mg - 0.21 S
and - 0.23 Clay- 0.00022 Ca - 0.17 Silt + 0.079 Ni - 0.0021 Na 
+ 0.0013 K    - 0.13 CEC + 0.004 F - 0.0009 Mn - 3e-005 Al 
 
  Rule 2: [61 cases, mean 25.34, range 2.5 to 114, est err 9.6
4] 
 
    if 
 P <= 140 
 F > 270 
    then 
 outcome = 4.38 - 0.0633 Ti + 1.135 Ni - 0.92 CEC 
+ 0.3 Silt 
 
  Rule 3: [212 cases, mean 32.00, range 2.5 to 125, est err 1
0.22] 
 
    if 
 P > 140 
0.5 9.3 
 Ti > 70 
    then 
 outcome = 6.74 + 0.00212 Mg + 0.026 S + 0.171 
Ni + 0.0113 P + 0.033 F 
           - 0.0037 Na - 0.0002 Ca - 0.15 Clay - 0.0001
6 Al + 0.0015 K 
           - 0.08 Sand + 0.0012 Ti - 5.1e-005 Fe + 0.00
19 Mn - 0.04 Silt 
 
  Rule 4: [120 cases, mean 33.06, range 2.5 to 177, est err 1
2.68] 
 
    if 
 P > 140 
 Ti <= 70 
    then 
 outcome = 8.17 + 1.155 Ni - 0.355 Cr + 0.0364 P 
+ 0.00079 Mg + 0.016 F 
           - 0.0017 Na + 0.008 S - 0.0001 Ca - 0.07 Cla
y - 8e-005 Al 
           + 0.0007 K - 0.04 Sand - 0.05 Silt + 0.0006 T
i - 2.4e-005 Fe 
           + 0.0009 Mn 
 
Simple RT  Sub-
Surface 
Rule 1: [63 cases, mean 9.02, range 2.5 to 51, est err 4.22] 
 
    if 
 CEC > 9.1 
 Ni <= 21 
    then 
 outcome = 4.02 + 0.559 Ni + 0.0411 P - 0.082 Cr 
+ 0.004 F - 0.4 pH- 3e-005 Al 
 
  Rule 2: [101 cases, mean 11.91, range 2.5 to 46, est err 4.7
0] 
 
    if 
 CEC <= 9.1 
 Ni <= 21 
    then 
 outcome = 1.64 + 1.502 Ni - 0.114 Cr + 0.017 F + 
0.0046 P - 0.3 pH- 2e-005 Al 
 
  Rule 3: [124 cases, mean 26.19, range 2.5 to 108, est err 7.
74] 
 
    if 
 CEC > 6.6 
 Ni > 21 
    then 
 outcome = 33.83 + 0.196 Ni + 0.00181 Mg - 3.8 p
H - 0.34 CEC + 0.0133 P+ 0.002 K - 0.046 Cr - 0.0018 Na + 0.
011 F - 2e-005 Al 
 
  Rule 4: [22 cases, mean 59.41, range 16 to 114, est err 10.
67] 
0.79 6.8 
  
 
 
 
    if 
 CEC <= 6.6 
 Ni > 21 
    then 
 outcome = -27.19 + 1.112 Ni + 0.106 F 
 
 
Figure 1 Modelled chromium compared to measured chromium for soils of the Study Area (SA), using single, simple, 
moderate complexity and complex multiple regression (MR) and regression tree (RT) models. Model of perfect fit (i.e. 
x=y) shown as solid line, orange dashed line shows ± 25% of the measured results, red dotted line shows  ± 50% of the 
measured result shown as  
 
Figure 2 Modelled copper against measured copper concentrations for soil models developed using single regression, 
simple and complex multiple regression (MR) and simple and complex regression tree (RT) equations, for all soils. Model 
of perfect fit (i.e. x=y) shown as solid line, concentrations ± 25% of the measured results shown as orange dashed line 
and concentrations ± 50% of the measured result shown as red dotted line. 
  
Figure 3 Modelled copper against measured copper for single regression models, developed for soils overlying the 
Tertiary- Quaternary basalt (Qvn) and soils overlying the Silurian siltstone and sandstone (Sud/Sla). Geochemical 
normalising element shown in brackets. Model of perfect fit (i.e. x=y) shown as solid line, concentrations ± 25% of the 
measured results shown as orange dashed line and concentrations ± 50% of the measured result shown as red dotted 
line. 
 
 
 
Figure 4 Modelled nickel compared to measured nickel for soils of the Study Area, using single, simple and complex 
multiple regression (MR) and regression tree (RT) models. Geochemical normalising element shown in brackets. Model 
of perfect fit (i.e. x=y) shown as solid line, concentrations ± 25% of the measured results shown as orange dashed line 
and concentrations ± 50% of the measured result shown as red dotted line. 
 

 
 
Figure 5 Modelled zinc compared to measured zinc for soils of the Study Area (SA), using single, multiple regression (MR) 
and regression tree (RT) models and for soils overlying tertiary-Quaternary basalt (Qvn) Tertiary sediments (Tpb) and 
Silurian siltstone and sandstone (Sla/Sud), using multiple regression (MR) models. Model of perfect fit (i.e. x=y) shown 
as solid line, concentrations ± 25% of the measured results shown as orange dashed line and concentrations ± 50% of the 
measured result shown as red dotted line. 
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Supplementary Material to Support Chapter 8 
 
Supplementary Information 1  1 
Review of anomalous results 2 
Anomalously high fluoride concentrations were individually reviewed to identify the potential 3 
source of enrichment or contamination. The location of each anomalous result is shown in Figure S1. 4 
A description and explanation for anomalously high fluoride concentrations reported from each parent 5 
material is summarised in Table S1.  6 
 7 
Figure S1 Numbered locations of anomalous fluoride concentrations within the Study Area 8 
 9 
Table S1 Explanation for elevated fluoride results, as identified by results above the upper whisker of a box 10 
and whisker plot, grouped by depth and parent material 11 
No. Data 
Source 
Depth PM fluoride 
(mg/kg) 
Review of Outlier- Reasoning 
1 Audit 1.0-2.0 Sla/Sud 2100 Mineralogy. Fluoride concentrations elevated at depth in 
three samples. Surface soils were not elevated in fluoride 
and no point source of fluoride present.  
2 Audit 0.0-0.1 Sla/Sud 430 Mineralogy. Soil pH (CaCl) of 10.4 pH units. No known 
point source of fluoride.  
3 Survey 0.3-0.6 Qvn 860 Hydraulic leaching and adsorption in sub-surface soils. 
Sodium and fluoride depleted in surface soils and enriched 
in sub-surface soils.  
4 Audit 5.0-9.0 Qvn 790 Mineralogy. Alkaline siltstone, (pH of >8 pH units). Fluoride 
enriched at 6 locations across site, at depths greater than 
5m. No evidence of point source contamination.  
5 Audit 2-2.1 Qvn 690 Mineralogy. Sample from depth, 2m below surface. No 
evidence of point source contamination. 
6 Audit 3-3.1 Qvn 610 Mineralogy. Sample collected from 3m below surface in 
basalt derived clays. No point source of fluoride 
contamination.  
7 Survey 0.3-0.6 Qvn 520 Accumulation in sub-surface soil. Sample from national 
park. Sub-surface soils also high in Ca. Surface soil also 
elevated in fluoride (430 mg/kg), but lower than sub-surface 
fluoride.  
8 Survey 0.3-0.6 Qvn 480 Accumulation in sub-surface soil. Sample from nature 
reserve, formerly agricultural. Subsurface soils also 
elevated in Na. Surface soils depleted in fluoride.  
9 Survey 0.3-0.6 Qvn 460 Accumulation in sub-soils. fluoride enrichment 
accompanied by high S, Na and Ca.  
No. Data 
Source 
Depth PM fluoride 
(mg/kg) 
Review of Outlier- Reasoning 
10 Survey 0.0-0.1 Qvn 330 Coastal inputs and evaporation. Estuarine wetland. Sample 
elevated in Ca and Na. Surface fluoride enriched compared 
to sub-surface. Waste water facility hydraulically down 
gradient of sample area. 
11 Survey 0.0-0.1 Qvn 320 Mineralogy. Nature reserve, surface soil immediately 
overlying basalt rock.  
12 Survey 0.0-0.1 Qvn 270 Possible coastal influence and/or additions from diffuse 
fluoride emissions. Agricultural reserve, now recreational 
paddock. Surface soil enriched compared to subsurface, 
possible fluoride additions from broad phosphate fertiliser 
use. Location 4.7 Km from coast, similar distance to major 
fluoride emitters.  
13 Survey 0.3-0.6 Tpb 630 Possible coastal influence. Location in recreational reserve, 
3.8 Km from coast. Fluoride enrichment in subsurface 
sands.  
14 Survey 0.3-0.6 Tpb 510 Mineralogy and parent material. Area adjacent to Batesford 
Limestone formation. Soils had high clay content and 
alkaline pH. 
15 Survey 0.0-0.1 Tpb 500 Aeolian and alluvial deposits from adjacent parent material 
(Mt Eliza granodierite). Residential gardens. Fluoride and 
Ca were enriched in surface soils compared to sub surface 
soils. 
16 Survey 0.0-0.1 Tpb 330 Evaporation and coastal influence. Location in wetland 
area. Ca, S, Na and fluoride enriched in surface compared 
to underlying soil. Area adjacent to recent swamp deposits. 
17 Survey 0.0-0.1 Tpb 260 Evaporation or coastal influence. Ca, fluoride and Na 
enriched in the surface compared to subsurface.  
No. Data 
Source 
Depth PM fluoride 
(mg/kg) 
Review of Outlier- Reasoning 
18 Survey 0.0-0.1 Tpb 250 Mineralogy and inputs from adjacent parent material 
(Devonian granite intrusion). Surface and sub-surface 
fluoride are similar, both high in Ca. Area in nature reserve 
unlikely agriculture inputs.  
 12 
 13 
Supplementary Information 2: Summary of XRD results 
 
Figure S2 Mineralogy of selected soils overlying Silurian Siltstone/sandstone, Tertiary Sediments and 
Tertiary-Quaternary basalt. Quantified using X-Ray Detraction analysis. Sample ID shown as 
“location/depth interval (m)”. 
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Siltstone/sandstone Sediment Basalt
%
quartz muscovite kaolin or kaolinite K-feldspar
goethite chlorite plagioclase feldspar smectite
hematite magnetite ankertite plagioclase
maghemite armacolite calcite anatase
Supplementary Information 3 
Table S3 Pearson correlation between geochemical parameters and fluoride, for log transformed data, for 
surface (S) and sub-surface (SS) soils overlying the Tertiary-Quaternary basalt (basalt), Tertiary 
sediments (sediment), Silurian siltstone and sandstone (siltstone and sandstone).  
Parameter 
Basalt 
 
Siltstone/Sandstone 
 
Sediments 
 
Depth S SS S SS S SS 
pH -0.37 -0.36 -0.25 0.05 -0.18 -0.46 
CEC 0.42 0.49 0.3 0.2 0.18 0.66 
OM 0.11 0.14 0.13 0.08 0.11 0.18 
Clay 0.29 0.36 0.62 0.43 0.15 0.66 
Sand 0.04 0.1 -0.5 -0.52 -0.21 -0.67 
Silt -0.31 -0.08 0.06 -0.12 0.08 0.25 
K 0.31 0.33 0.7 0.45 0.38 0.66 
Sr 0.25 0.35 0.31 0.14 0.26 0.61 
Na 0.51 0.47 0.06 0.07 0.1 0.57 
Al 0.17 0.05 0.53 0.44 0.25 0.59 
As 0.02 -0.13 0.3 0.49 0.35 0.44 
Ba -0.08 0.19 0.53 0.33 0.33 0.5 
Ca 0.34 0.4 0.19 -0.17 0.2 0.47 
Co 0.03 -0.16 0.6 0.51 0.44 0.71 
Cr -0.07 -0.21 0.5 0.39 0.34 0.65 
Cu 0.2 0.1 0.5 0.67 0.19 0.19 
Fe -0.11 -0.35 0.61 0.54 0.32 0.59 
Mg 0.39 0.41 0.56 0.43 0.26 0.65 
Mn -0.22 -0.18 0.5 0.23 0.21 0.48 
Ni 0.2 0.12 0.65 0.57 0.46 0.72 
P -0.02 -0.22 0.24 0.3 0.19 0.23 
Pb -0.19 -0.27 0.42 0.51 -0.07 0.57 
S 0.03 0.3 0.03 0.2 -0.01 0.52 
Ti -0.16 -0.19 0.06 -0.19 0.32 0.48 
V -0.04 -0.3 0.21 0 0.39 0.62 
Zn 0.04 0 0.61 0.65 0 0.29 
 
Supplementary Information 4  
Plot of sodium concentrations and distance to coast, for sub-surface soils overlying sediments. Spearman 
correlation significant to p<0.0001. 
 
Figure S5: Sodium concentration in sub-surface soils overlying basalt of Greater Melbourne, Mitchell, Greater 
Geelong and Ballarat, against distance to neared coastline.  
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Supplementary Information 5 
Cubist Regression Tree Model for soils overlying Newer Volcanic basalt (Qvn), Tertiary Sediments (Tpb) 
or Silurian siltstone/sandstone (Sla/Sud), of Greater Geelong, Greater Melbourne, Mitchell and Ballarat, 
Victoria, Australia.  
Run in freely available software R, using the Cubist package (Kuhn et al., 2016). 
 
Units in mg/kg, except for OM, Sand Silt and Clay (as %), and CEC as mEq/100g.  
   
Rule 1: [15 cases, mean 31.3, range 20 to 90, est err 15.4] 
 
    if 
 Parent Material = Qvn 
 Na <= 70 
 Sand > 17 
    then 
 outcome = 88.3 - 0.71 Sand - 0.58 Silt - 0.19 Cr + 0.0024 Mg - 0.5 Co 
           + 0.6 Cu + 0.0034 K + 0.00016 Fe - 0.007 Mn + 0.05 Sr 
           - 4e-005 OM - 2 pH + 0.08 Clay + 0.1 CEC 
 
  Rule 2: [8 cases, mean 127.5, range 20 to 630, est err 197.6] 
 
    if 
 Mg <= 25 
    then 
 outcome = -57.1 + 3.08266 Ca 
 
  Rule 3: [240 cases, mean 135.9, range 20 to 630, est err 50.4] 
 
    if 
 Parent_Material in (Sud/Sla, Tpb) 
 Sand > 17 
    then 
 outcome = 282 - 2.75 Sand + 1.41 Ni - 1.84 Silt - 0.027 Na + 0.0012 Ca 
           + 0.00073 Fe + 0.0142 K - 0.41 Cr - 0.066 S - 0.25 V + 0.5 Zn 
           + 0.54 Clay - 0.21 Co + 0.3 Cu + 0.0008 Mg - 0.004 Mn 
 
  Rule 4: [120 cases, mean 140.3, range 20 to 860, est err 60.1] 
     if 
 Parent_Material = Qvn 
 Sand <= 17 
    then 
 outcome = 220.7 - 2.18 Silt - 0.00126 Fe + 0.54 Cr + 0.0076 Mg - 0.31 Ni 
           - 0.017 Mn 
 
  Rule 5: [137 cases, mean 150.1, range 20 to 520, est err 54.1] 
 
    if 
 Parent_Material = Qvn 
 Na > 70 
 Sand > 17 
    then 
 outcome = 65.8 + 1.5 CEC + 0.58 Clay + 0.009 Na + 0.00057 Ca + 0.0031 Mg 
           + 0.29 Sand - 0.23 Silt - 0.07 Cr + 0.017 Ba - 0.18 Co 
           + 0.2 Cu - 0.003 Mn + 0.0012 K + 6e-005 Fe 
 
  Rule 6: [110 cases, mean 313.2, range 80 to 670, est err 65.1] 
 
    if 
 Parent_Material in (Sud/Sla, Tpb) 
 Sand <= 17 
    then 
 outcome = -200.3 - 0.07706 Ca - 0.709 Ti - 0.13 Na + 85 pH + 5.3 Clay 
           - 1.7 Cr + 1.99 Zn + 4.4 Cu - 0.4 CEC - 0.009 P - 0.00022 Al 
           + 0.0007 Mg - 0.11 Silt 
 
 
Evaluation on training data (622 cases): 
 
    Average  |error|               59.2 
    Relative |error|               0.62 
    Correlation coefficient        0.76 
 
 
 Attribute usage: 
   Conds  Model 
 
    99%    62%    Sand 
    99%           Parent_Material 
    24%    77%    Na 
     1%    99%    Mg 
           99%    Silt 
           99%    Cr 
           81%    Fe 
           81%    Mn 
           80%    Clay 
           80%    Cu 
           79%    Ca 
           62%    K 
           62%    Co 
           57%    Ni 
           56%    Zn 
           42%    CEC 
           38%    S 
           38%    V 
           22%    Ba 
           20%    pH 
           17%    Al 
           17%    P 
           17%    Ti 
            2%    Sr 
            2%    OM 
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Supplementary Material to Support Chapter 9 
  
Supplementary Material 1: Micro XRF Elemental concentrations maps  
    
          
    
 
 
Figure S1-1 Low resolution micro XRF images showing elemental concentration maps of  Fe, As, Mn, V, 
Si, Cr, Ni in an Fe stone collected from Tertiary sediments, Melbourne, Victoria 
                                                                      
 
Figure S1-2 Cut Fe stone, showing micro XRF scan area and elemental concentration maps for Si, Fe, As, 
Mn, V.  
The observable manganese specs, are likely due to cross contamination during cutting of Fe stone. 
Fe 
Si 
As 
Mn 
V 
    
     
       
 
Figure S1-3 Sediment sample, concentration maps of Si, Fe, As, Mn and V. 
    
    
    
 
Figure S1-4 Brighton Group sediment sample, from X depth, concentration maps of Si Fe, As, Mn and V.  
A fleck of Krypton, is associated with the high As in the top left corner, this spec is likely due to cross 
contamination during the diamond sawing process 
 Supplementary Material 2: Pearson correlation between element concentrations. 
 
 
Figure S2-1 Pearson r, correlation of counts of selected elements in each pixel within micro XRF Scan area a B. of the 
Tertiary sediment Fe stone (elemental map here of Vanadium). Elemental concentration increase from dark to light.  
 
 
 Figure S2-2 Pearson R, correlation of counts of selected elements in each pixel within micro XRF Scan area A (top) and 
scan area B (bottom) Tertiary sediment 
 
  
 
Figure S2- 3 Pearson R, correlation of counts of selected elements in each pixel within micro XRF Scan Area A (top) and 
scan area B (bottom) for BH01. 
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Appendix C: Further Assessment of Iron 
Stones 
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Enrichment of Potentially Toxic Elements in 
Fe Stones from Varying Environments 
 
11.1 Introduction 
Fe stones are found in many different soil environments as a result of cycling 
changes in the soil redox potential and pH (Cescas, Tyner & Harmer 1970; Sanz et al. 
1996; Zhang & Karathanasis 1997). During the Background Soil Survey (Chapter 2), Fe 
stones were observed in areas overlying basalt, siltstone/sandstone and Tertiary Sediment. 
In each of these environments Fe stones are expected to play a key role in sequestration and 
immobilisation of metals, including As and V. The microscale distribution of Fe and 
potentially toxic elements (As, Mn, Ni, Cr, V, Zn) in Fe stones derived from different 
parent materials were compared using micro XRF methods. The objective of this 
assessment was to gain an understanding of differences in Fe stone composition, and 
differences in accumulation of potentially toxic elements under varying environmental and 
mineralogical conditions.  
11.2 Method 
In addition to the analysis of an Fe stone from Tertiary sediments (as described in 
Chapter 9) elemental micro XRF was conducted on one Fe stone and one dried soil sample 
from each of the soils overlying the Silurian siltstone/sandstone and Tertiary basalts of 
Victoria. The soils from the Silurian formation were from a forested area in Warrandyte, 
from an area naturally enriched in As (maximum As  = 53 mg/kg), expected to be 
associated with quartz intrusions comprising gold (Mikkonen et al. 2018). The Fe stone and 
soils overlying the Tertiary-Quaternary basalts were from an agricultural area in Wallan, 
north of Greater Melbourne, where As concentrations were low (< 5 mg/kg) (Mikkonen et 
al. 2018). Iron stones were prepared and assessed using micro XRF using consistent 
methodology as described in Chapter 9. The speciation of As on Fe concretions on the 
Silurian siltstone/sandstone sample was also assessed using near edge XANEs, consistent 
with XANEs methods descried in Chapter 9.  
11.3 Results 
The basalt Fe stone did not contain detectable concentrations of As. The basalt derived Fe 
stone, had areas of enrichment of Mn and Fe (Figure 11-1). Chromium and V was slightly 
enriched on the outer edge of the iron stone, compared to concentrations within the Fe stone 
(Figure 11-2).  
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Figure 11-1 Low resolution concentration maps of Fe, As, Mn, V, Si, Ti, Cr, Ni and Zn 
in Fe stone nodule, Micthell sub-surface soils, overlying basalt 
Mn As Fe 
Ti Si V 
Zn Ni Cr 
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Figure 11-2 Washed Ironstone from soils overlying basalt (b) cut iron stone and area 
of XRF mapping for Si Fe, Mn, As, V. 
The siltstone gravel comprised Fe enrichment as concretions on the two furthest 
tips of the grave, as such the gravel was not considered an Fe stone. Arsenic was 
concentrated in the Fe rich point of the siltstone/sandstone gravel (Figure 11-3). However, 
Fe enrichment in the centre of the siltstone/sandstone was not accompanied by As 
Si  
 
Fe 
µ-XRF map area 
As 
Mn 
V 
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enrichment. Manganese enrichment in the Fe concretion on the siltstone was highest in an 
area where Fe was high but As was low.  
           
   
   
 
Figure 11-3 Initial low resolution scan of siltstone/sandstone - Fe, As, Mn, V, Zn, Ni, Si 
V Zn Ni 
Fe As Mn 
Si 
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Figure 11-4 Fe crusted nodule from the Silurian formation, Si, Fe, As, Mn, V 
concentration map 
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Figure 11-5 Iron concretion on siltone/sandstone gravel, elemental maps for (Si, Fe, 
As, Mn and V) 
In order to assess if elements were located and enriched in the same locations of the 
soil or Fe stones, correlations of the XRF counts of elements of interest was assessed using 
scatter plots. Within the basalt iron stone and basalt derived soils, Mn and Fe were the most 
strongly correlated elements (r=0.61-0.62 in the Fe stone and r=0.73-0.74 in the soil). There 
Si 
Fe As 
Mn V 
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was no correlation between Fe and As (r=-0.05 to -0.07) in the basalt derived samples. The 
correlation between As and Fe in siltstone/sandstone sediments and Fe concretions was 
variable at the micro-scale, ranging from r= -0.03 to 0.51 within the two assessed samples. 
Arsenic and V were poorly correlated (r=0.04 to 0.12) within the selected areas of the 
siltstone/sandstone soil or gravel samples.  
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Figure 11-6 Pearson R correlation of counts of selected elements in each pixel within 
micro XRF Scan area A (top) and scan area B (bottom) for BH321-S 
A 
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Figure 11-7 Pearson R correlation of counts of selected elements in each pixel within 
micro XRF Scan area A (top) and scan area B (bottom) Basalt Fe stone 
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Figure 11-8 Pearson R correlation of counts of selected elements in each pixel within 
micro XRF Scan area A (top) and scan area B (bottom) basalt soil 
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Figure 11-9 Pearson R correlation of counts of selected elements in each pixel within 
micro XRF Scan area A (top) and scan area B (bottom) Silstone/sandstone soil 
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Figure 11-10 Pearson R correlation of counts of selected elements in each pixel within 
micro XRF Scan area A (top) and scan area B (bottom) Silstone/sandstone Fe gravel 
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Figure 11-11 Pearson R, correlation of counts of selected elements in each pixel within 
micro XRF Scan area A (top) and scan area B (bottom) Silstone/sandstone gravel 
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Figure 11-12 Pearson R correlation of counts of selected elements in each pixel within 
micro XRF Scan area A (top) and scan area B (bottom) Silstone/sandstone gravel 
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Arsenic K edge XANES was undertaken on one location on one location on the 
Silurian formation Fe stone to assess the oxidation state of As. Stacked XRF maps were 
collected at 112 spaced energies between 11 820 eV and 12 100 eV (giving higher 
resolution across the As K-edge region) to produce XANES spectra. The XANES spectra 
were extracted using the GeoPIXE software (Ryan et al. 1990). The As XANES spectra 
were compared against reference standards for As species found in the environment 
(Kinsela, Collins & Waite 2011) (Figure 11-13). The spectra for soil and Fe stone samples 
(Figure 11-13) were compared to known As and Fe standards. The spectra As in the 
siltstone/sandstone sample were very similar to the spectra for As observed in Fe stones and 
sediments from Tertiary Sediments (Chapter 9). The peak energy using the As -K edge, 
aligned well with the As(V) peak energy at 11.80 eV. 
 
 
Figure 11-13 Comparison of edge-energy for As XANES for soil and Fe stone to 
As(III) and As(V) standards. 
11.4 Discussion 
11.4.1 Trace Element enrichment with Fe in Siltstone/Sandstone 
The gravel analysed from the soils derived from the Silurian formation was not an 
Fe stone but rather a sandstone with Fe concretions on the edges. The presence of Fe on the 
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edge of the siltstone/sandstone, indicates that Fe had precipitated onto the gravel during in 
situ weathering of the parent siltstone/sandstone formation. The siltstone/sandstone 
formation samples were collected from 10 to 20 m above expected groundwater depth. 
Arsenic was enriched compared to surrounding soil in the localized areas of Fe oxide 
enrichment. However, As was not evenly distributed throughout the Fe concretions. As 
enrichment occurred as a band within the Fe concretion, indicating that As may have 
remained soluble during some rounds of soil wetting and drying or that As was not in soil 
solution during each phase of Fe oxide formation.  
Vanadium concentrations in the siltstones/sandstone gravels and soils were low 
(mean of 44 mg/kg). No visible correlation between V, As and Fe in these soils, highlights 
that Fe stones are not always enriched with V and that As enrichment isn’t always 
accompanied by V enrichment.  
11.4.2 Trace Element enrichment with Fe in soils overlying basalt 
The Fe stone collected from the soils overlying basalt, was rounded, dark in colour, 
and highly magnetic. Interestingly, there was a visible void in the bottom half of the Fe 
stone nodule, which was high in Fe and Mn, but excluded Ti, which was otherwise broadly 
distributed across the nodule Figure 11-1). Voids are not expected to form during typical Fe 
stone formation (i.e. by cycles of wetting and drying). Therefore, it is suggested that the Fe 
stone found in soils overlying the Newer Volcanic basalt was a lapilli (small rocks ejected 
during volcanic eruptions) that have weathered overtime, concentrating immobile elements 
and smoothing the iron stone edges. Lapilli are common in soils of volcanic regions. It is 
expected that the void space (typical of lapilli at the time of volcanic eruption) was later 
filled with Fe as goethite. Infill of the void space during soil formation is consistent with 
the absence of Ti (typically immobile in soil) and the presence of Fe in the void (Figure 
11-1). 
The observed low As concentrations in the Fe stone from soil overlying basalt is 
consistent with the theories of Goldschmidt (1937) on As geochemistry and low As 
concentrations in lava flows. The Fe nodule (lapilli) included a brown orange band around 
the outer edge of the Fe stone, which was low in Mn, but high in Fe. It is hypothesised that 
during periods of anoxic conditions, Mn has been reduced and mobilised from the nodule 
surface leaving the observed high Fe, low Mn surface layer on the Fe stone (Moore 1981). 
11.5 Conclusion 
The comparison to Fe stones found in Tertiary sediments compared to Fe stones 
found in basalt soils highlights that the metals found to be co-enriched with Fe are highly 
variable and depend on parent material and metals soluble during Fe stone formation. For 
As to become enriched with Fe in Fe stones there must be a source of soluble As in the 
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environment at the time of Fe stone formation. The elemental composition and distribution 
of metals within Fe stones has provided an insight in to the redox history of the 
paleoenvironment during Fe stone formation. 
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